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ABSTRACT
The development o f  young P a c if ic  Brant (B. o r ie n t a l i s ) , energy 
re la t io n sh ip s  o f  young and adu lts and n u t r it io n  o f  brant u t i l i z i n g  
eel gra ss was stud ied  in  Fa irbanks, A la ska  on b ird s obtained from the 
breeding grounds o f  the Yukon-Kuskokwim Delta. G osling  growth rates 
were rap id  w ith weight gain tem porarily  slowed by remige development. 
Feather growth curves were regu la r  with secondaries and re c tr ice s  
fo llow in g  the primary growth pattern c lo se ly ;  growth rate o f primary 
8 exceeded that o f  primary 9 during development. Subadult maximum 
and minimum ye a r ly  weights occurred in  November and A p r i l ,  re sp ec tive ly .  
Thermoneutral w in te r oxygen rates were s im ila r  fo r  both sexes; rates o f  
males exceeded those o f  females. W inter m etabolic rates o f  both sexes 
exceeded summer rates and were above pred icted ra te s; summer rate s were 
comparable to those p red icted. Below the lower c r i t ic a l  temperature, 
metabolism increased lin e a r ly  with decreasing ambient temperature in  
both seasons; slopes were not d iffe re n t.  Metabolism  below the c r i t ic a l  
temperature was s ig n if i c a n t ly  h igh e r in  w in te r than in  summer. Body 
temperature averaged 40.9°C and was not la b ile  from -50 to +30°C. Heart 
rate  increased  lin e a r ly  with decreasing ambient temperature below the 
c r i t ic a l  temperature. Summer ex istence  energy expenditure per b ird  and 
per gram body weight o f  females was g reater than tha t o f  sid les. Gross 
a c t iv i t y  pattern was h ig h ly  random during the summer. D ige st ive  e ffic ie n c y  
did not change s ig n if i c a n t ly  with ambient temperature. D iets con ta in ing  
three le ve ls  o f  eel gra ss fed to g o s l in g s  were in e ffe c t iv e  in  producing
i i i
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c on sisten t  o r s ig n if i c a n t  weight increase s which was a ttr ib u te d  to 
unaccep tab ility . Only contro l ra t ion  and 50% eel g ra ss produced p o s it iv e  
feed e f f ic ie n c ie s ;  p o s it iv e  e f f ic ie n c ie s  o f  u t i l i z a t io n  were obtained 
with c on tro l.  50% and 75% e e lg ra ss d ie ts .  D ige st ive  e f fic ie n c y  decreased 
s ig n if i c a n t ly  as the e e lg ra ss in  the d ie ts increased. Ee lg ra ss n u tr ie n t  
con stituen t le ve ls  changed l i t t l e  over the c o l le c t io n  period  o f  15 A p ril 
to 19 November w h ile  c a lo r ic  va lues decreased. P rote in  le ve ls  were 
c o n s iste n t ly  under d ie ta ry  recommendations fo r  geese.
iv
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INTRODUCTION
Evans and M i l le r  (1968) have recently sta ted , "the  number o f  species 
whose n u t r it io n a l requirements are known with any p re c is io n  i s  re la t iv e ly  
few. Of the mammals, only about a dozen species have been stud ied  out 
o f a total o f  over 5,000; the s itu a t io n  with b ird s  i s  w orse." On the 
other hand, there i s  an im pressive  accumulation o f  c a lo r ic  re la t io n sh ip s  
developed fo r  both fe ra l and domesticated b ird s.  Students o f  avian 
b io logy have ava ilab le  to them a p lethora  o f  inform ation  on the n u tr ie n t  
requirements o f  some commercially important g a ll ifo rm s,  somewhat le s s  is  
a va ila b le  fo r  certa in  anse riform s, and l i t t l e  fo r  members o f  other groups.
S im ila r ly  l i t t l e  study has been devoted to in v e st ig a t io n  o f  the 
c a lo r ic  and n u tr ie n t  requirements o f those forms which e x h ib it  a high 
degree o f d ie ta ry  sp e c ia l iz a t io n .  I t  should  be expected tha t, ju s t  
as the lo n g -e sta b lish ed  d ie t  o f  a species has a se le c t iv e  in fluence  
on the stru ctu re  and function  o f  a b i r d 's  feeding equipment (Welty,
1962), sp e c ia l iz a t io n  w i l l  r e su lt  in  some m od ification  o f n u t r it io n a l 
requirements. Consequently, cond it ions which b r in g  about a lte ra tio n s  
in  hab ita t o r a source o f  n u t r it io n  may se r io u s ly  jeopard ize  b io lo g ic a l 
success.
Among waterfow l, few have exh ib ited  a greater apparent dependence 
on a s in g le  food resource than the brant geese (Branta b e rn ic la ). Past 
dec line s in  population  numbers have been a ttrib u te d  to the reduction o f  
a va ila b le  stock s o f  e e lg ra ss (Zostera  marina L . ) ge ne ra lly  throughout 
the b ir d 's  range, evidence which seems to support the concept tha t the
1
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b ra n ts ' sp e c ia l iz a t io n  has re su lted  in  some n u t r it io n a l dependency on 
e e lg ra ss.
Brant geese are described as being maritime in  hab it and circum polar 
in  t h e ir  d is t r ib u t io n ,  breeding fa rth e r  north than any other geese but 
neverthe less w in te rin g  in  temperate o r sub tro p ica l reg ions. Although 
the taxonomy o f  brant geese continues to be c o n tro ve rs ia l,  the a va ila b le  
evidence ind ica te s a proper d iv i s io n  o f  th is  group in to  4 subspecies (one 
o f which appears to be e x tin c t )  and the recommendation o f recogn izing  
the P a c if ic  form as Branta b e rn ic la  o r ie n ta l i s , Tougarinov (Delacour 
and Zimmer, 1952) has been follow ed.
In  the p re -ne sting  m igration  P a c if ic  Brant d ispe rse  w ide ly, to 
p o in ts as fa r  west as the mouth o f  Khatanga R ive r (110° E Long.) in 
S ib e r ia  and as fa r  east as 110° W Long, in  the Canadian Archipelago 
(De lacour, 1954). The Yukon-Kuskokwim Delta o f  A laska  i s  thought to 
contain the h ighe st  concentration  o f breeding brant at the present 
time (E ina rson , 1965). As fa r  as i s  p re sen tly  known, post-n est in g  
m igration  b r in g s almost the e n t ire  popu lation  funne ling  through the 
eastern  Bering Sea to Izembek Lagoon, A la ska, where the brant pause 
fo r  a 2 month period  before con tinu ing  southward.
Although the w in te rin g  areas o f  P a c if ic  Brant inc lude  the coast 
o f C a l ifo rn ia ,  with scattered  groups north to Oregon, Washington and 
B r i t is h  Columbia, the g reatest concentrations are now found along the 
west coast o f Baja C a l ifo rn ia  (Chamberlain et al_., 1971). P rev iou sly , 
w in te rin g  areas o f  P a c if ic  Brant have included the coasts o f  China and 
Japan but recent reports o f  s ig h t in g s  in  these waters have become rare
2
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(Leopold and Sm ith, 1953). In m id-w inter there i s  a gradual movement 
o f more southern popu la tions northward to the general v ic in i t y  o f  Puget 
Sound, term inating in  a buildup o f brant numbers which a n t ic ip a te s a 
more massive return  o f  breeding b ird s to su b a rc tic  and a rc t ic  nesting  
grounds v ia  Izembek Lagoon (E ina rson , 1965).
Except fo r  the 2.5 to 3 month period  o f  breeding ground residency 
during which the d ie t  o f  adu lts changes to sedges and g ra sse s (Ba rry,
1967; C. Lensink, pers. comm.), the brant have been observed to s u b s is t  
almost w holly on e e lg ra s s.  Ee lgrass (Zostera m arina), one o f  many 
seagra sse s, i s  riot a true gra ss but a marine mcnocotyledonous angiosperm 
of the fam ily Potamogetonaceae. Various parts o f  the p lant  are used by 
waterfowl but only P a c if ic  Brant appear to take leaves se le c t iv e ly  (Jones, 
unpubl.). Izembek Lagoon on the Alaskan Pen in sula  conta ins the most 
extensive  stand o f  e e lg ra ss  reported (McRoy, 1970) and i s  c e rta in ly  an 
important f a l l  and sp r in g  feeding area fo r  P a c if ic  Brant. Beds used 
throughout the w in te r pe riod  are a lso  s ig n if i c a n t  in  th e ir  c on trib ut ion  
to brant sub sistence .
I t  has been long reported that brant geese are c lo se ly  " t ie d "  to 
e e lg ra ss d ie t a r i l y  but there i s  a lack o f  inform ation  on what the extent 
o f the re la t io n sh ip  i s  and how i t  re la te s to t h e ir  n u t r it io n  and energy 
demands w ith in  th e ir  annual program. Th is study was undertaken to answer 
q uestions concerning b rant energetics and n u t r it io n .
In add it ion , awareness o f  an ever in c re a s in g  marine p o l lu t io n ,  which 
accompanies coastal development, in jec ts a sense o f  urgency in to  the 
re a liza t io n  o f  a more complete d e f in it io n  o f  the b ran t-e e lg ra ss re la t io n sh ip .
3
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As w ith other w aterfow l, there i s  a su b stan t ia l li t e ra tu re  on the 
feed ing hab its o f  brant geese. Among the numerous workers p rov id in g  
obse rva tions that id e n t ify  e e lg ra ss  as a d ie ta ry  item fo r  brant are 
Bent (1925), Butcher (1934), M artin  and Uhler (1939), M o f f it t  and 
Cottam (1941), Cottam et a h  (1944), G abrie lson  and L in co ln  (1959) 
and E inarson  (1965). Some in v e st ig a to r s  have provided more q u a n tita t ive  
data on d ie ta ry  components and t h e ir  re la t iv e  importance through 
c o l le c t io n  o f  in ge sta  (M o ff it t ,  1941; Cottam et al_., 1944) and a n a ly s is  
o f  excreta  (Ranwell and Downing, 1959); the re su lt s  o f  these in v e s t ig a t io n s ,  
and o ther recent inform ation  reviewed by Jones (unpub l.), ind ica te s that 
the d ie t  o f  the brant i s  more va ried  than has been supposed. Sincock 
(1962) and Burton (1961, 1962) have constructed  formulae which estim ate 
d a ily  dry matter intake  on the b a s is  o f  percent o f  whole body weight 
(wet) fo r  brant geese, t h is  procedure was proposed to measure the impact 
o f  w in te r in g  b ird s  on t h e ir  food resources.
Energy requirement in v e st ig a t io n s  with b ird s  o f  a wide spectrum 
o f s iz e  are proceeding at a rap id  pace and are motivated m ainly by the 
d e s ire  to id e n t ify  and define  b ird -environm ent energy re la t io n sh ip s .
Of the waterfow l, in v e st ig a t io n s  o f  energy requirement have been 
conducted w ith adu lt  w ild  geese (W illiam s, 1965) to determine d is t r ib u t io n a l 
and m igrationa l c o n st ra in ts ,  and w ith teal (Owen, 1970) to define  cage 
and f ie ld  energy cost d iffe rence s through a p h y s io lo g ic a l in d ic a to r  
(heart ra te ).  The heart rate and metabolism re la t io n sh ip  was a lso  
in ve st ig a te d  in  t h is  study to determine i t s  r e l ia b i l i t y  fo r  p o ss ib le  
use in  the f ie ld  and labora to ry  to  ind ica te  m etabolic performance.
4
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Cain (1973) has recen tly  determined the energy costs o f  cage existence  
in  tree ducks, at va rio u s temperatures, in  order to a sse ss the la t itu d in a l 
r e s t r ic t io n s  fo r  t h is  sp e c ie s. Aside  from the work on young brant 
in  t h is  study , which in ve st ig a te d  re la t iv e  e f f ic ie n c ie s  o f  pe lle ted  
commerical, e e lg ra ss and p a rt  e e lg ra ss  d ie ts ,  the only recent n u t r it io n a l 
work w ith growing and develop ing w ild  species o f  waterfowl has been 
undertaken by Penney and B a ile y  (1970). Other work concerning waterfowl 
ene rgetics has been reported by Benedict and Lee (1937) on the domestic 
goose (Anser anse r) and, more re cen t ly , Lefebvre and Raveling (1967) have 
re lated  the d is t r ib u t io n  o f  la rge  and small Canada Geese (Branta canaden sis) 
to d iffe rence s in  heat lo ss„  In  th is  study, energy balance t r ia l s  
y ie ld ed  inform ation  on minimum energy requirements over an abbreviated 
range o f  temperatures above the lower c r i t ic a l  temperature o f  summer 
b rant, the re su lt s  approximate what would be found fo r  b ird s  on the 
breeding grounds in  western A la ska. An opportun ity  was a lso  provided 
to compare energy balance data with that obtained v ia  oxygen consumption 
experiments.
Smith and P rin ce  (1973) in ve st ig a te d  fa s t in g  m etabolic rates o f  
M alla rds (Anas p la ty rhyncho s) acc lim atized  to low ambient temperatures 
in  order to determine th e ir  a b i l i t y  fo r  northern w in te r in g . The P a c if ic  
B ra n t 's  metabolic adaptations fo r  northern l i f e  were in ve st ig a te d  in  
both summer and w in te r re sp ira to ry  metabolism t r ia l s  by Ir v in g  e t a L  
(1955); b a s ic  m etabolic c a p a b ilit ie s  o f  P a c if ic  Brant were in ve st ig a ted  
through oxygen consumption t r i a l s  in  th is  study as w e ll.  Hartung (1967) 
has recen tly  reported oxygen consumption rates o f  M a lla rd s and B lack
5
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Ducks (Anas rubripes having contaminated and uncontaminated plumages 
to determine the possible metabolic consequences of o il pollution.
Other w ild waterfowl for which metabolic rates have been published 
are the Trumpeter Swan (Cygnus cygnus buccinator) (Benedict and Fox,
1927) and the Wood Duck (A ix sponsa) (Herzog, 1930).
Nutritional studies with domesticated waterfowl have been carried 
out mainly on behalf o f industry, these investigations have provided 
most of what i s  known about organic and inorganic nutrient metabolism 
and requirements. Holm and Scott (1954) have reported that the protein 
requirement of wild surface feeding and diving ducks was approximately 
20 percent of the dry matter of the feed.
Major physiological studies of waterfowl are re lative ly  few in 
number, the major contribution on domestic stock reported i s  that of 
Benedict and Lee (1937) and that for w ild b irds has been reported by 
Hanson (1958, 1962).
Eelgrass has been put to a variety o f human uses, few of which 
have been dietary. However, i t  has become known quite recently that 
the seeds o f Zostera were once an important and traditional source of 
food for the Seri Indians of the Gulf o f California  (Felger and Moser,
1973). Eelgrass fragments have been found in ancient f ire  s ite s ,  which 
suggested that eelgrass constituted a source of sa lt  and soda. Near 
the turn of the present century feeding experiments were undertaken to 
determine the nutritive  value of eelgrass for dogs and poultry (Burkholder 
and Doheny, 1968). Bauersfeld et al_. (1969) have carried out feeding 
t r ia ls  with livestock which resulted in increased gains when fed seagrass
6
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supplemented d ie ts .
The extent to which ee lg ra ss i s  im portant in  the energetics and 
n u t r it io n  o f  P a c if ic  Brant should  be re flec ted  in  i t s  chemical composition, 
as well as the c a lo r ic  y ie ld .  Organic con st itu en t ana lyses have been 
made by Candussio (1960), Burkholder and Doheny (1968), and Udell crt 
al_. (1969). E inarson  (1965) provided a comparison o f  crude p rotein  
values from A la ska , Washington, Oregon and C a l ifo rn ia ,  w hile  McRoy 
(1970) reported p rote in  values from a number o f  A laskan s i t e s .  Both 
McRoy (1970) and Udell e t al_. (1969) have reported c a lo r ic  data fo r  
co lle cted  Zostera samples. Th is study p rovides chemical constituent 
and c a lo r ic  va lues fo r  a time se r ie s  o f  c o lle c t io n s  from a s in g le  
Alaskan lo ca t ion .
L a s t ly ,  an understanding o f  the normal growth and development o f 
the experimental animal i s  b a s ic  to any meaningful n u t r it io n a l or 
energetic  study and consequently that inform ation  was sought fo r  
P a c if ic  Brant as w e ll.
In summary, the ob jective s o f  th is  study were to in ve st ig a te  
growth and development o f  young P a c if ic  B rant, energy re la t io n s  o f  
young and adu lts and the n u t r it io n  o f  brant u t i l i z i n g  e e lg ra ss.
7
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MATERIALS AND METHODS
Growth and Development
Brant used throughout these studies were fie ld  collected from 
wild populations and hand raised by the author. Early stage pipped 
eggs were obtained on 30 June 1971 and 30 June 1972 from nests of 
P ac ific  brant located on tidal f la ts adjacent to the mouth o f the 
Kashunuk River on the Yukon-Kuskokwim Delta, Alaska (65°18'N, 165°
38'W). Eggs were hand carried to Fairbanks, Alaska (64°52'N, 147°50'
W) in a wooden crate within 24 hours o f collection; hatching occurred 
enroute. Therefore a ll b ird s, in each year, were the same age on any 
date and at the same approximate point of development.,
Goslings were placed in a brooder cabinet and provided with a 
heat lamp that maintained a ir  temperature at 30°C. The young birds 
were attended 24 hours/day fo r the f i r s t  5 days after hatching. The 
young brant were fed moistened Startina  (Ralston-Purina Co.), crumbled 
hard-boiled eggs, and chopped grain seedlings during the f i r s t  week.
After the f i r s t  week the egg supplement was omitted. Startina  (Protein^ 
30%) was replaced by Purina Game Bird F light Conditioner (Protein>l9%) 
as the main dietary item in the th ird  week of feeding. When not on 
experimental d ie ts, the la tte r  commercial ration was fed exclusive ly. 
Startina  was not employed fo r  feeding young brant in the second summer 
of the study.
When 9 days old, the group of 20 goslings used for weight, tarsus 
and culmen measurements was placed in an inside-outside, concrete floored
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
pen and provided with food, water and a heat lamp; a fte r  day 57 the 
number o f  b ird s  in  t h is  group was reduced to 13. Culmen and tarsus 
measurements were continued u n t il day 57 w hile  weight records were 
maintained fo r  one year. I n i t i a l l y ,  10 b ird s  were se lec ted  fo r  
measurements from the 20 a va ila b le .  Weighings were made at 2 to 
5 day in t e r v a ls ;  a fte r  day 57, weighings were made le s s  re g u la r ly  on 
the 13 remaining b ird s  but occurred at le a st  once per month. As a
pronounced d iu rna l weight cycle  has been reported in  some b ird s ,  weights
were taken a t approximately the same time each day (Baldwin and Kendeigh, 
1938). For the f i r s t  21 days, b ird s were weighed to the nearest 0.1 g
on a Torbal to rs io n  balance, the rea fte r weights were recorded to the
nearest 5 g using  a hanging C h a t il lo n  autopsy sca le .
Length o f  ta rsu s and exposed culmen were measured with a ve rn ie r 
c a lip e r  (Baldw in, Oberho lser and Worley, 1931). T a rsa l measurement was 
made w ith the le g  in  a flexed  p o s it io n .  Tarsal length , as here defined, 
extends from the most a n te r io r  p o in t o f  the tarso-m etata rsa l-pha langea l 
c re st  to the most p o s te r io r  edge o f  the tarso-m etata rsu s at i t s  la te ra l 
surface.; the lim it s  o f  the la t t e r  are c le a r ly  apparent behind the sw e llin g  
o f the tub e ro s ity . Culmen length, or "chord  o f  exposed culmen", was 
measured from the a n te r io r  su rface  o f  the n a i l ,  a long the m id line , to 
the mandible-forehead in te rse c tio n  at the p o in t  o f  the vee (Baldw in, 
O berholser and Worley. 1931).
E igh t  g o s l in g s  u t i l iz e d  fo r  re c t r ix  and remex measurements were 
among a la rg e r  group placed in  outdoor, w ire -f lo o re d  cages on day 16; 
they remained in  these u n its fo r  the duration  o f  t h is  study. Measurement
9
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of f l i g h t  feather growth began when the feathers appeared, a t day 
10, and con sisted  o f  length measurements o f  the r ig h t  p rim a rie s, 
secondarie s, and re c tr ice s  weekly f o r  6 weeks. Measurements were 
made on fla ttened  feathers with a f le x ib le ,  transparent m illim e te r 
ru le r  from the sk in  where the calamus protrudes to the base o f the 
natal down feather u n t il i t  was lo s t  and to  the most d is ta l p o in t o f  
the vane the rea fte r. Remiges were numbered from the w r is t  outward 
fo r  p rim aries and inward fo r  se cond arie s; re c t rice s  were numbered 
s t a r t in g  with the outermost and proceeding inward.
Oxygen Consumption Experiments
Brant used in  the 2 se r ie s  o f  oxygen consumption te sts  were obtained 
in  the summer o f  1971. The b rant were about 9 months o ld  (su b ad u lts) 
when w in te r tested  and about 2 years o ld  (a d u lt s)  when summer tested .
Test b ird s  were m aintained in  in s id e -o u t s id e  cages in  the la rge  animal 
se c tion  o f  the In s t it u t e  o f  A rc t ic  B io lo gy  animal q u a rte rs ' throughout 
the year. Outside temperatures ranged from -45.0 to +5.0°C and averaged 
- 1 3.2°C over the period  o f  w in te r te s t in g  (Jan ., Feb.). Because b ird s 
remained in  the in s id e  se c tion  o f  the cage, temperatures to which they 
were exposed were con side rab ly  warmer and averaged +9,5°C. During the 
summer t e s t s ,  outside  temperatures to which the b ird s  were acc lim atized  
ranged from +2.0 to 29.0°C and averaged +15.0°C.
A commercial form ulation  (Game B ird  F l ig h t  C ond it ioner) was fed 
e x c lu s iv e ly  as the b a s ic  d ie t ,  w ith greens and vitam ins provided as 
supplements. M etabo lic  determ inations were made on b ird s  which were 
8-12 hours p ostab so rptive . Both w in te r and summer te sts were conducted
10
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between 1700 and 2400 hours. Oxygen consumption was measured over an 
ambient temperature range o f -80 to +40°C in  an open c ir c u it  system 
u sing a Beckman F-3 paramagnetic oxygen ana lyze r (M orrison  and West,
1974). In  these experim ents, a la rge  capac ity pump with regu lato ry  
valve and dry flow  meter was employed to ve n t ila te  the m etabolic chamber 
system. A smal le r pump withdrew a i r  from the h ighe r flow capacity 
system and passed i t  in  sequence through a de ssican t  only in  the w in te r 
se r ie s  and d e ssica n t  as well as a carbon d ioxide  absorber in  the summer 
s e r ie s ,  through a low -flow  bypass to the oxygen ana lyze r and, f in a l ly ,  
out v ia  a w e t-te st  flow meter. Flow rates were sums o f  those clocked 
at each flow meter and va ried  between 10 and 15 lite rs/m in .
Standard gas m ixtures in c lu d in g  room a ir ,  analyzed by a Beckman 
E-2 oxygen ana lyze r, were used fo r  recorder reference percentages. 
C a lcu la t io n s o f  oxygen consumption at STP were made u sing  the appropriate  
formulae g iven  by Depocas and Hart (1957).
At the beginn ing o f  each t e s t ,  b ird s were weighed to the nearest 
5 g and placed in  a metal chamber, which in  the w in te r se r ie s  was a 
c y lin d r ic a l ste e l can (42 cm high x 36 cm diameter) and in  the summer 
se r ie s  an aluminum box (34 cm wide x 49 cm long x 46 cm deep). B irds 
rested on a wooden board on the bottom o f the chamber. B ird s were 
a lso  weighed a t the term ination  o f the experiment and the body weights 
were averaged fo r  purposes o f  c a lcu la t in g  metabolic rates on a body 
weight b a s is .
The m etabolic chamber, with i t s  a ir  in le t  on top and o u t le t  at 
the bottom, was placed in  a M issim er constant temperature u n it  where
11
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temperatures in  the m etabolic chamber were con tro lled  to +1.5°C
T h ir t y - s ix  guage copper-constantan thermocouples were v a r io u s ly  
placed to obtain temperatures in s id e  and outside  the m etabolic chamber 
and w ith in  the cloaca o f  the b ird ;  temperatures were recorded on a Leeds 
and Northrup 20 -po in t recorder.
The duration o f  each metabolic run varied  from 1 to 3 hours, 
dependent upon the length o f  time requ ired  fo r  chamber temperatures 
to s t a b i l i z e  and the b ird  to reach an acceptably passive  sta te  as 
re flec ted  in  oxygen consumption record ing v a r ia t io n s.  Each b ird  was 
tested  at a s in g le  temperature and not used again fo r  a period  o f  
4 o r  5 days.
During oxygen consumption t r i a l s  heart rate frequency was recorded 
w ith a Hewlett-Packard 1500A E lectrocard iograph  p r io r  to the term ination  
o f the t r ia l s  when brant had reached sta b le ,  and u su a lly ,  minimum le ve ls  
o f  metabolism. Attachment o f  term ina ls to the b ird s was through use o f 
go ld -p la ted  sa fe ty  p in s ,  two o f  which were attached b i la t e r a l ly  through 
the patag ia  and the th ird  through the sk in  o f  the back. One o r more o f  
the leads were often broken by the b ir d s 1 movements, e sp e c ia lly  at lower 
temperatures.
Summer Feed Stud ies and Adult Energy Balance
The go s lin g  brant e e lg ra ss  feed ing experiments and adu lt energy 
balance t r ia l s  were conducted during the summers o f  1972 and 1973 
re sp ec tive ly . Summer feed ing experiments were carried  out with young 
brant maintained in  groups o f  5 in  she lte red  cages located in  a fenced 
area 400 m north o f  the nearest permanent f a c i l i t y  o f  the U n iv e rs ity
12
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o f A laska  campus in  a c le a r in g  in  a black spruce (P icea m ariana) fo re st.
B ird s could not see campus l ig h t s  and were d istu rbed  only twice a day
fo r  feeding. The 4 cage un its (each 2.4 x 1.8 x 0.6 m) used in  the
study had double swing-down doors which allowed easy access to the 
in t e r io r  o f  each cage (F ig . 1). Excrement and s p i l l e d  feed were 
co lle cted  on heavy duty polyethylene sheets placed beneath the welded 
w ire  f lo o r .  W ainscoting with a beveled and sheet-metal covered inner 
su rface  prevented lo s s  o f  feces around the periphery o f  the f lo o r .
Cage d iv id e rs  in  the u n its  were o f  s o l id  plywood, s id e s  were la rge ly  
welded w ire , the ro o f was constructed o f  t ra n s lu sce n t  r ip p le  f ib e rg la ss  
which provided l i g h t in g  o f  natural photoperiod but reduced in te n s it y  
and the e n t ire  u n it  was supported 0.4  m o f f  the ground on modified 
stee l fence p o sts.
B ird s were presented with experimental d ie ts at 13 days o f  age
and the study continued fo r  43 days. D iets invo lved  in  feeding t r ia l s
were pe lle ted  100 percent commercial feed, 100 percent e e lg ra ss,  50 
percent e e lg ra ss  and 50 percent commercial feed, and 75 percent e e lg ra ss 
and 25 percent commercial feed. Combination d ie ts were made up on a dry 
weight b a s is  o f  ground m ate r ia ls ,  which were subsequently pe lle ted  with 
a C a l ifo rn ia  p e l le t  m ill u sing  a 3/16 inch die . E a r ly  stu d ie s by Heuser 
and Scott (1951) ind ica te  that there i s  a s ig n if i c a n t  feed e f f ic ie n c y  
advantage (u n its  o f  feed consumed per un it  o f  weight gained) in  p e l le t  
feeding over mash feed ing o f waterfowl. Feed and water were a va ila b le  
ad l i b i  turn.
Representative samples o f  p e lle ted  feeds were oven d ried  to determine 
13
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Figure 1. Gosling feed study double cage units.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
14
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
water content and the appropriate correction was made fo r calculation of 
dry weight of food consumed. Caloric  determinations were carried out on 
duplicate or tr ip lica te  samples ground in a Wiley M ill to pass through a 
60 mesh/inch screen.
Each group of b irds was maintained on a diet from 3 to 6 days in
each t r ia l.  An attempt was made to maintain the size  o f a test group
at 5 b irds. D iff ic u lty  associated with maintaining birds on certain 
of the experimental d iets, coupled with in su ffic ien t  numbers o f available 
birds due to m ortality and d eb ilita ting  in ju r ie s ,  precluded testing a ll 
groups at fu ll complement and on a ll 4 diets simultaneously. During the 
course of the feeding t r ia l period the goslings were developing a feather 
cover and not undergoing any s ig n if ic a n t  degree of molt.
Individual body weights were taken before and after each t r ia l
period. Uneaten pelleted rations and excrement were collected at the 
end o f the t r ia l periods and a ir  dried at room temperature. Excrement 
collections were often mixed with down and contour feathers which were 
removed p r io r  to weighing and ca loric  determinations.
Metabolized energy (ME) was calculated by subtracting the total 
ca loric  value of excreta (Excretory Energy, EE) produced from the total 
value of feed ingested (Gross Energy Intake, GEI) (Kendeigh, 1949).
Energy balance t r ia ls  were conducted with adult brant during the 
period 8 May to 24 June 1973 in the same caging area as previously 
described. During the course of the experiments, the birds were 
ind iv id ua lly  confined in welded cages measuring 0.4 x 0.4 x 0.8 m (Fig. 
2). B irds were able to move about free ly and assume normal preening
15
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Figure 2. Adult energy balance study individual cage units.
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p o s it io n s .  Each cage was suspended from a s in g le ,  cen tra lly  located 
screw ( in  a te f lo n  b a ll-so c ke t  arrangement) which allowed the cage to 
t i l t  both from end to end and sid e  to s id e  Cage suspension  was from a 
1-1/4 inch ste e l p ipe. Across both cage ends but at a lower leve l than 
the main support p ipe, 5/8 inch conduit was placed to prevent gro ss cage 
movement (F ig . 2).
A m icrosw itch attached to the conduit cage support was activated  
by cage movements which gave a continu ing a c t iv i t y  record throughout 
the t r ia l  period  fo r  each o f  3 cages on an E ste rline -Angus event 
recorder. The number o f  f iv e  minute in te rva ls/h ou r/b ird  in  which some 
a c t iv i t y  (on a sc a le  o f  0 to 12) occurred was used to construct an index 
o f a c t iv i t y .  The un it  in  which the energy balance cages were mounted 
i s  shown in  F ig. 3; in s id e  dimensions are 2.1 x 1.5 x 2.0 m.
T r ia ls  were made over f iv e  day periods a lte rn a t in g  with two day 
periods which allowed fo r  c lean ing cages anci readying the f a c i l i t y  fo r  
the fo llow in g  t r i a l .  B ird s were weighed (to  the nearest 5 g) at the 
beginning and term ination  o f  a t r ia l  at the same time o f  day. Excrement 
and uneaten food was d ried  at room temperature fo r  a f iv e  day period  and 
then weighed to the nearest 0.1 g. Geese in  th is  study and other waterfowl 
(R. B. Owen, J r . ,  pers. comm.), carry food to the water d ish  which can 
re su lt  in  a su b sta n t ia l source o f e rro r. Therefore, food in  the water 
d ish  was tran sfe red  to the s p i l l  Dan, oven dried  overn igh t and weighed.
M o lt was recorded a fte r  each t r ia l  by su b je c t ive ly  cha rac te riz in g  
i t  as very heavy, heavy, moderate or l i g h t  fo r  in d iv id u a l b ird s.
Maximum and minimum d a ily  temperatures were recorded in s id e  the
17
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Figure  3. F ib e rg la ss  covered main u n it  housing in d iv id u a l cages used 
in  adu lt energy balance study.
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cage housing.
Ee lg ra ss C o lle c tion
Ee lg ra ss (Zostera  m arina) was co lle cted  in  order to determine 
changes in  c a lo r ic  and n u tr ie n t  content and fo r  use in  feed ing experiments. 
Samples were taken from e e lg ra ss  beds in  Izembek Lagoon, located a t the 
SW term inus o f  the A laska  P en in su la  (55°N, 163°W) in  e a r ly  June 1972. 
C o lle c tion  s i t e s  were marked w ith ste e l stakes in  beds located  approximately 
400 m apart in  areas tha t  could be e a s ily  sampled on foot from the shore.
Eleven c o l le c t io n s  (22 samples) at approximately 2 week in te rv a ls  
were made during the period  30 May to 15 November 1972. On 15 A p ril 
and 16 May 1973 two c o l le c t io n s  (4 samples) were made to supplement 
the se r ie s  taken in  the p revious year. Samples were taken from green, 
rooted p lants in  beds ju s t  exposed a t the lowest po in t  o f  low t id e .
In th is  way, m ateria l could be chosen from the most densely vegetated 
areas at the s i t e .  An attempt was made to se le c t  fronds with attached 
organism s, as they appear to be prefe rred  by brant observed in  Izembek 
Lagoon (R. D. Jones, J r . ,  unpubl.), however, rhizomes accompanying the 
fronds in  the c o l le c t io n  operation  were reta ined  a fte r  f i r s t  washing 
l i g h t l y  to d is lodge  and remove sediments.
C o lle c tion s o f  about 1 to 2 kg wet weight made at each s i t e  were 
placed in  ind iv id u a l polyethylene  bags and labeled. Samples were frozen, 
packed in  a styrofoam  in su la te d  carton and a ir  fre igh te d  to the labora to ry  
in  Fairbanks where they were thawed and a ir  d ried  a t  35.5 to  37°C w ith in  
one week. Re la tive  hum idity at the d rying  s i t e ,  as measured with a 
Se nsu ii wet-dry bulb hygrometer, f luctuated  between 10 and 15 percent
19
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and on ly  ra re ly  reached 20 percent in  response to extremely high 
outside  hum idity. Drying time fo r  these sam ples, spread lo o se ly  on 
polyethylene  she ets, was approximately 6 to 8 hours to reach a moisture 
content le ve l o f 8 percent o r  le s s .  Dried samples were reduced in  
volume by g r in d in g  in  a C h r is t ie  and N o rr is  burr m i l l ,  followed by 
b r ie f  homogenization in  a Waring blender and f in a l g r ind in g  in  a 
W iley M i l l  f it t e d  w ith a 60 mesh/inch screen.
C a lo rim etric  determ inations on dup licate  samples were ca rrie d  out 
with a P arr automatic a d iaba tic  oxygen-bomb calorim eter. P rotein  was 
ca lcu la ted  from n itrogen  determ inations (N -6.25) made on a Model 185 
Hewlett Packard CNH ana lyzer and tota l l ip id s  were obtained by means 
of Soxh le t e x tra ct io n . Other n u tr ie n ts  were p a rt it io n e d  by employing 
Van Soest forage f ib e r  a n a ly s is  (Goering and Van Soest, 1970).
An amount o f  e e lg ra ss considered s u f f ic ie n t  fo r  projected needs in  
feeding stu d ie s was harvested from Izembek Lagoon during the period  2 
June to 8 June 1972. Harvesting was c a rr ie d  out by hand and con sisted  
of tea rin g  o f f  fronds in  beds exposed at low t id e . The u su a lly  overcast 
sk ie s  and rather cold  weather cond it ion s c h a ra c te r is t ic  o f the area 
provided fo r  a good sta te  o f  p re se rva tion  o f  the ee lg ra ss during the 
week tha t was requ ired  to accumulate the r e la t iv e ly  la rge  quan tity  
(ca. 450 kg wet weight) needed. Ee lg ra ss was gathered in to  burlap 
bags, drained o f  water and shipped to the In s t it u t e  o f  A rc t ic  B io logy 
by a ir .  The e n t ire  shipment was frozen and la t e r  sm a lle r portions were 
thawed and d ried. Due to the la rge  volume o f  dry m aterial obtained, a 
hammer m ill was employed fo r  the i n i t i a l  g r in d in g .  Further reduction
20
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with a burr m ill was required to produce a material with the correct 
consistency for pelleted diet preparation.
Values accompanying means reported throughout the text are to 
be used as standard e rro rs, unless otherwise noted.
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Table 1. Dates, temperatures and times o f experiments and number and body weights o f 
Pac ific  Brant used in this study.
Experiment Season and sex Dates Number
Body wt (g) 
mean + SE
Test
temperatures
(°c)
Time period 
o f test
Growth and 
Development 
(goslings)
Summer 
Male and Female
Annual 
Male and Female
1 July - 27 Aug 1971 
1 July 1971 - 11 Oct 1972
28
14
Developing
goslings
1587 + 29
outside
outside
58 days 
15 months
Oxygen
Consumption
(adults)
Winter
Male
Female
1 Jan - 15 Mar 1972
33
21
1381 + 23
1409 + 20
-60 to +30 1700 -  2400 hrs
Summer
Male
1 July -  15 Aug 1973
28 1615 + 30
-50 to +30 1700 -  2400 hrs
Female 17 1360 + 32
Male and Female 
Winter 1 Jan -  15 Mar 1972 54 1395 + 15 -60 to +30 1700 -  2400 hrs
Summer 1 July - 15 Aug 1973 45 1488 + 30 -50 to +30 1700 -  2400 hrs
Energy 
Balance 
(adul ts)
Summer
Kale
Female
1 May - 23 July 1973 72
35
36
1343 + 22 
1294 + 25
+10.8 to +18.3 5 day periods
Feed Study 
(goslings)
Summer 13 July - 25 Aug 1972 35 Developing
goslings
+7.3 to +2g.0 3-6 day periods
RESULTS
The mean weight o f a newly hatched, mixed-sex group of P ac ific
Brant was 71.3 + 0.8 g; after approximately 24 hours the group had lost
weight and averaged 60.5 + 1.3 g. The goslings recovered th is  loss at 
2 days of age and demonstrated rapid gains thereafter (Fig. 4). Growth 
rate reached a maximum (46.7 g/day) in the th ird  week and declined in 
the fourth week to 17.6 g/day. Depression o f the growth curve resulted 
from this decline in rate, but was followed by a second increase to
27.1 g/day in the f if th  week (Table 2; Fig. 4). A drop by one-third to
8.6 g/day occurred in the sixth  week, then by one-half to 4.3 g/day in 
the seventh week and reached -2.9 g/day in the eighth week (Table 2).
Body weight temporarily leveled o ff averaging 1145 + 38 g in the 
seventh and eighth week, then continued to increase. The f i r s t  depression 
of the weight curve resulted from a decrease in growth rate and the plateau 
in the seventh and eighth v.;cek resulted from both a mean weight loss and 
a decrease in growth rate.
Maximum weights (1837 + 63 g) were reached by young brant in the 
middle of November 1971 then declined markedly until the beginning of 
April 1972 (1271 + 3 2  g), and increased progressively until 11 October 
1S72 (1694 +_ 38 g) (Fig. 5) when measurements were discontinued.
Culmen
Culmen length averaged 11.2 + 0.2 mm upon hatching and the highest 
growth rate was reached during the f ir s t  week (1.0 mm/day) (Fig. 4).
23
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 2. Growth rates of P a c if ic  Brant ra ise d  in  c a p t iv ity .
Body Length (mm/day)
weight
Week (g/day) Tarsus Culmen Primary 9 Primary 8 Secondary 10 R e c tr ix  7
1 18.10 2.70 1.00
2 33.10 2.00 0.86
3 46.70 0.86 0.57 3.0 3.5 2.0 1.0
4 17.60 0.14 0.29 7.3 7.5 6.1 5.0
5 27.10 0.14 0.71 6.9 7.3 4.7 2.7
6 8.60 - - - 3.1 2.6 1.9 1.6
7 4.30 - - - - 3.8 5.3 0.4 0.9
8 -2.90 1.4 0.3 - -
24
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Figure 4. Weight in c rea se , and culmen, tarsus and 9th primary
development o f  g o s lin g  brant. *  denotes adu lt va lues;
* *  denotes ranges o f  values given by Delacour (1954). Data 
po in ts are means; v e rt ica l lin e s  are ranges. Boxes are two 
standard d ev ia t ion s.
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25
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
W
ei
gh
t 
(g
)
Growth rate  decreased s l i g h t ly  un t il week 5, then i t  increased  abruptly 
u n t il the end o f  tha t week when development in  the long a x is terminated 
and the culmen had reached i t s  maximum length (34.0 + 0.5 mm).
Depression, and subsequent recovery, o f  growth rate o f the culmen 
very c lo se ly  p a ra lle le d  tha t shown by body weight and i s  corre lated  
with the i n i t i a l  rap id  rates o f  f l i g h t  feather development (F ig . 4).
Tarsus
Immediately a fte r  hatch ing the length o f  the ta rsu s averaged 
27.8 + 0.3  mm and when f u l l y  developed at day 35 averaged 67.4 + 1.1 
mm. Tarsus growth was extremely rap id  in the f i r s t  21 days when the 
mean length reached 65.2 + 1.0 mm but had nea rly  stopped when f l i g h t  
feather growth reached h igh  rates (F ig . 4).
F l ig h t  Feather Development
The f l i g h t  feathers o f  adu lt P a c if ic  Brant inc lude  10 p rim a rie s,
20 secondaries and 14 re c t r ic e s .  A ll f l i g h t  feathers were measured 
in  th is  study but on ly  the growth curves o f  the 8th and 9th p rim arie s,
10th secondary and 7th re c t r ix  are presented in  F ig . 6, while  mean 
rates o f  increase  fo r  these feathers are given in  Table 2.
On most brant measured, re c t rice s  were observed to emerge from 
pygosty le  down on day 8 and remiges appeared on the wings at day 10.
Prim aries appeared s l i g h t l y  in  advance (1 day) o f  secondaries and 
developed at a much fa s te r  rate , although the secondaries required  
le s s  tota l time to complete development. A ll feather growth curves 
were regu lar.
In most a d u lt s ,  primary 9 i s  the longest feather and in  t h is  study 
26
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Figure  5. Weight changes o f  brant recorded fo r  one year subsequent 
to attainment o f  subadu lt weight. Data po in ts are means; 
v e rt ic a l lin e s  are ranges. Boxes are two standard d e v ia t io n s.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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grew at it s  fastest rates (7.3 and 6.9 nm/day) during the second and 
third  week of development, i.e . between the 17th and 31st days of age. 
The succeeding decreases in growth rate were not substantial and at 
the end o f the f i r s t  54 days th is  feather averaged 190.0 + 4.0 mm in 
length and was s t i l l  increasing at the rate of 1.4 mm/day. When 
comparing the growth rates and fina l lengths of primaries 8 and 9, 
i t  was su rp ris in g  to discover that over the major portion of the growth 
curve of these two feathers, primary 8 was not only longer than 9 but 
showed an increasingly greater rate of growth. In the sixth  week of 
feather development, the rates of increase of the two feather were 
reversed and eventually the 9th primary reached greater length (Fig.
6). Average length of the fu lly  developed 9th primary was 216.0 +
2.6 mm (n=7).
Even in a wild population, the 8th primary is  occasionally longer 
than the 9th. One adult collected in the la st  week of October at 
Izembek Lagoon had an 8th primary longer than the 9th at a time when 
fu ll growth should have been achieved.
It  was impossible to accurately follow primary growth beyond day 
52 as wing exercising resulted in shattered t ip s, however i t  is  expected 
that maximum growth of the 9th primary would be attained in 70 to 75 
days after hatching.
In pattern of development, secondary 10 and rectrix  7 c lose ly 
followed that of primary 9, espec ia lly  in respect to rate of growth 
in the early period (Fig. 6). When growth of these two feathers slowed, 
the rate of increase o f the re c trix  dropped o f f  more markedly than that
28
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Figure 6. F light feather growth of brant goslings. Data points are
means; vertical lines are ranges. Boxes are two standard
deviations.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of the secondary. Both feathers exhibited the ir highest rates of 
growth in the second week with the secondary and the rectrix  reaching 
6.1 and 5.0 mm/day respectively. By extrapolation, i t  is  assumed 
that the secondary would reach maximum length around day 42 and the 
rectrix , which develops more slowly, at about day 55. Final mean 
lengths o f these two feathers were 109.5 + 2.7 mm for secondary 10 
and 81.0 + 3.0 mm for rec trix  7.
Figure 7 illu s tra te s  the growth pattern found for the secondaries 
over the f i r s t  37 days of measurements; d iffe ren tia l growth rates favored 
the central group o f feathers which reached a maximum at day 24 and was 
subsequently smoothed as a ll feathers attained near maximum growth 
simultaneously at day 37.
Oxygen Consumption Experiments
The adult body weight of male P ac if ic  Brant is  generally greater 
than that of the female. In contrast to th is normal re lationsh ip, the 
mean weight o f the males used in the winter tests was 1381 + 23 g (n=33) 
and that of the females was s l ig h t ly ,  but not s ig n if ic a n t ly ,  higher 
(1409 + 20 g, n=31; P>0.05). When tested as adults during the summer, 
the males averaged 1615 + 30 g (n=28) and the females 1360 + 32 g (n=17), 
a s t a t i s t ic a l ly  s ign if ica n t  difference (P<0.05) (Table 1).
Males and females in winter did not demonstrate s ign if ica n tly  
different standard metabolic rates (SMR) in the thermoneutral zone 
and a combined mean SMR was calculated fo r winter b irds (Table 3,
Fig. 8). On the other hand, summer rates of males within the zone 
of thermoneutrality were s ign if ica n tly  greater than those of females
30
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Figure 7. Growth pattern of secondaries over the f i r s t  37 days of 
brant gosling development. Data are means.
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Table 3. Resting metabolic rate at thermoneutrallty, linear regression equations of metabolic rate vs temperature and lowe 
c rit ica l temperatures (Tq) o f Pacific  Brant measured during summer and winter.
SMR
at thermal neutrality 
Measurement N (lite rs 02/bird-hour+SE)
Regression equation 
(y*lite rs 02/b1rd-hour) P
(t=TA°C) (b»slope; a=elevation)
Female
Summer
Male
Female
Combined
Winter
Summer
Tb Adjusted* 
Winter 
Summer
1.48 + 0.10 
1.33 + 0.10
1.13 + 0.01 
0.88 + 0.04
1.39 + 0.06 
1.03 + 0.07
<o.osJ
y-1.84 -  0 .0 4 0 (t fJ  b>0.0£ 
y-1.79 -  0 .0 3 8 (t )J  a>0*0E
y-1.18 -  0.036(t)~| b>0#0s
y-1.12 -  0 .0 2 8 (t)J  a<0*0E
43
25
b>0.05/
a<0.05
f  b>0.05 
i a<0.05
43 y-1.81 -  0.039(t)~7 b<0>0,
25 y-1.17 -  0 .0 3 3 (t)J  a<0*0!
y=1.72 -  0 .042(t) 
y*1.25 -  0.031 (t )
♦Regression line forced through Tg; see text.
TC(°C)
8.8
11.3
2.5
8.2
10.3 
4.3
8.0
7.0
(Table 3, Fig. 9). In order to compare combined sex winter and summer 
metabolic le ve ls,  a combined mean was calculated for a ll summer birds 
at these temperatures and is  included in Table 3.
Through the ambient temperature (T^) range of 0 to -60°C, which 
is  below the lower c r it ic a l temperature (T^), the metabolic rate of 
winter and summer brant increased linea rly  with decreasing temperature 
according to the formulae given in Table 3 and shown graphically in 
Figs. 8 and 9.
Covariance analysis (L i,  1964; Snedecor, 1956) tested homogeneity 
of regression coefficients (slope) and homogeneity of adjusted means 
(elevation) o f the regression lines of males and females in each season 
and between seasons. These tests revealed no s t a t is t ic a lly  s ign if ica n t  
differences in  slopes or elevations o f w inter males and females and the 
formula for metabolic increase of grouped birds in winter is  presented 
in Table 3. Despite the seemingly wide divergence of the two summer 
regression line s of MR on changing T^ for males and females (Fig. 9) 
the "F " value obtained when subjecting the data to s ta t is t ic a l analysis 
indicated that the slopes of the two lines were not s t a t is t ic a lly  
different. A 95 percent confidence interval was calculated which 
reinforced the resu lts o f the "F " test in determining homogeneity. 
However, the elevation of the regression line  of summer males was 
s ig n if ic a n t ly  higher than that of the females. Regressions calculated 
for combined winter and summer data (which disregarded the difference 
in e levations) are presented in Table 3 and illu s tra te d  in Fig. 10.
Table 3 also gives Tc fo r  combined winter and summer data, as
33
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Figure 8. Standard metabolic rate of male and female winter brant in
response to ambient temperature in short-term tests.
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Figure 9. Standard metabolic rate of male and female summer brant in
response to ambient temperature in short-term tests.
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Figure 10. Standard m etabolic rate o f  w in te r and summer brant in  
response to  ambient temperature in  short-term  te s t s .  
Dotted l in e s  show reg re ss io n s o f  MR below the Tc forced 
through Tg.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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well as fo r  separate male and female summer data because o f  the 
s t a t i s t i c a l l y  s ig n if i c a n t  d iffe rence  in  e le va t io n s.
Body temperatures (Tg) were measured over 3 to 4 hours at 
temperatures to -5Q°C. I t  was re a d ily  apparent that bocjy temperature 
was not la b ile  under the cold  s t r e s s  cond it ions to which the b ird s 
were subjected, consequently there was no drop in  Tg w ith the decrease 
in  T^. The body temperature o f  brant measured c lo a c a ! ly  in  th is  study 
averaged 40.9 + 0 .1 °C (n=10) over the range o f  Ip +30 to -50°C.
The only reg re ss ion  lin e  f it t e d  to the data fo r  metabolism at 
lower T^ which extrapolated  to a p o in t c lo se  ( i . e . ,  39.5°C) to T_ 
was that o f  summer females. M an ipu lation  to farce the reg re ss io n s 
fo r  grouped summer and w in te r metabolism through Tg re su lted  in  a 
s l ig h t ly  steeper slope  fo r  the former and a s l i g h t ly  le s s  steep slope  
fo r  the la t te r ,  as well as changed Tc (Table 3; F ig . 10).
At the time that w in te r oxygen consumption determ inations were 
made, some o f  the brant were used to provide e lectrocard iogram s in  
order to e s ta b lish  a re la t io n sh ip  between heart rate  and metabolic 
rate. The mean heart rate  (HR) o f  b ird s w ith in  the thermoneutral 
zone was 119.9 + 3.1 beats/minute (n=9). Only the po in ts below 0°C
were used to ca lcu la te  a le a s t  squares reg re ssion  lin e  o f  HR vs T^.
The re su lt in g  re la t io n sh ip  o f  increase  o f HR as T^ decreased i s  
described by the equation HR = 145.2 -  2.03(T) (F ig . 11). A Tp o f
+12°C was obtained from the HR vs T^ p lo t  (F ig . 11).
Adult Energy Balance
Summer energy balance t r ia l s  were ca rr ie d  out with adu lt P a c if ic
37
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Figure 11. Heart rate of winter brant in response to ambient temperature
in short-term tests.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Brant over the period 1 May to 23 July 1973 (Table 1); during th is 
time 12 se rie s o f tests, each 5 days in length, were carried out with 
6 b irds.
The birds were exposed to naturally occurring temperatures, however 
the fibe rg la ss cover of the unit containing the cages caused an elevation 
in cage T^ above the outside a ir  T^ by a maximum of 2.8°C in the second 
t r ia l period. P r io r  to the beginning of t r ia l period 3 the roof section 
of the unit was covered with aluminum fo il and subsequent cage T^ varied 
from outside Tft by +1.6 to -0 .6CC. The mean temperature minimum (10.8°C) 
occurred in  the f ir s t  week, increased to the maximum (18.2°C) in the 
seventh, and declined to 16.3 in the fina l week which resulted in a 
7.4°C span of T^ experienced by the b irds. A ll mean Tft during th is 
period were above the Tc o f summer brant, as determined by th is study 
(see above).
Reported mean weights o f experimental b irds are averages of 
measurements taken at the in it ia t io n  and termination of t r ia ls ;  there 
was a s t a t i s t ic a l ly  s ign if ica n t  difference (P<0.05) between body 
weights o f males (1343 + 22 g; n=36) and females (1294 + 25 g; n=36) 
(Table 1).
Metabolized energy (ME) was determined by the method f ir s t  used 
by Kendeigh (1949). In th is series i t  was also possible to d irectly  
determine existence energy, which i s  the equivalent of ME when the b ird 's  
weight remains re lative ly  constant. For these t r ia ls ,  a weight change of 
up to + 5 percent was accepted.
There was no s t a t is t ic a lly  s ig n if ic a n t  correlation between ca loric
39
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value o f  excrement and T^, nor was there a s t a t i s t i c a l l y  s ig n if ic a n t  
d iffe rence  (P>0.05) in  value due to sex (males: 3.880 + 0.001 , n=18;
females: 3.888 + 0.001 , n=18, kcals/gram ). The values u t i l iz e d  fo r
ca lcu la t in g  excre to ry  energy (EE) were averages fo r  in d iv id u a l b ird s 
and app lied  across the s e r ie s .  A mean fo r a ll b ird s was ca lcu la te d  
to be 3.884 + 0.009 kcal/gram (n=36) o f  excre ta. Excretory energy o f 
males (162.4 + 5.0 k c a l/ b ird *d a y , n=30) over the t r ia l  period  was not 
s ig n if i c a n t ly  d if fe re n t  (P>0.05) from that o f  females ( 1 7 7 . 4 + 7 . 0  
kca ls/ b ird *d a y , n=26) and averaged 1 6 9 + 4 . 3  kca ls/ b ird *d a y  (n=56).
S im ila r ly ,  the g ro ss energy intake  (GEI) o f  females (432.8 + 1 3 . 2  
kcal s/ b ird * day, n=26) was h igh e r,  but not s ig n i f i c a n t ly  (P>0.05 ), than 
that o f  males (399.3 + 12.7 k c a ls/ b ird *d a y , n=30) and the calcu la ted  
mean was 414.8 + 9.3  kca ls/ b ird *d a y  (n=56). The c a lo r ic  value o f  
commercial feed used fo r  a ll GEI c a lcu la t io n s  was 4.811 kca ls/ g  (n=3) 
o f dry weight.
; M etabolized energy, which i s  the e qu iva len t o f  existence  energy
as only those b ird s  w ith in  the 5 percent w e ight change are inc luded, 
was not s ig n i f i c a n t l y  h ig h e r (P>0.05) in  females (254.1 7.0
kcal s/ b ird *  day, n=26) than in  males (236.0 + 9.3  k ca ls/b ird *d ay, 
n=30), w ith the average being 244.9 + 6 . 0  kca ls/ b ird *d a y  (n=56) (F ig .
12). Figu re  12 a lso  shows reg re ss io n s which were ca lcu la ted  fo r  male 
and female ME vs T^; te s t  fo r  homogeneity o f  re g re ss io n  c o e ff ic ie n t s  
show tha t the two lin e s  do not have d if fe re n t  slopes and do not d if f e r  
from zero.
On a gram body w eight b a s is  the females d id  show a greater ME 
40
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Figure 12. Metabolized energy (ex istence  energy) o f  in d iv id u a lly  
caged adu lt brant out-o f-doo rs during the period  May 
through Ju ly.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(ex istence  energy) requirement than the males. The d iffe rence  was 
s t a t i s t i c a l l y  s ig n if i c a n t  (P<0.05) and the values are 0.196 + 0.01 
(n=26) and 0.176 + 0.01 kcals/gram *day (n=30) fo r  females and males 
re sp e c tive ly .
MEE ff ic ie n c y  o f  u t i l i z a t io n  [EOU = QEf(lOO)] o f  energy resources 
d id  not change during  the t r i a l s  fo r  e ith e r  males o r females and there 
was no s t a t i s t i c a l l y  s ig n i f i c a n t  d iffe rence  (P>0.05) in  value between 
the two when averaged over the e n t ire  se r ie s .  The rate fo r  males was 
59.14 + 0.7  percent (n=30) and fo r  females 58.94 + 0.6 percent (n=26).
E va lua tion  o f  molt in  the b ird s  invo lved  in  the energy balance 
t r ia l s  was h ig h ly  su b je c tive ,  v iz . ,  "ve ry  l i g h t "  fo r  feather lo s s  
re s t r ic te d  to head, neck and small q u a n tit ie s  o f  down to the extreme 
o f  "heavy" when la rge  numbers o f  contour and/or f l i g h t  feathers were 
found in  the cage. The la t t e r  cond it ion  was recorded fo r  3 b ird s  only 
in  the f i r s t  week o f  t r ia l s  and was probably re lated  to the s t r e s s  o f  
changed environment and re s t r ic t e d  movements. Energy intake  in  week 
2 ind ica te d  that the molt o ccu rr in g  in  week 1 was not heavy enough to 
cause subsequent increased  energy demands. For most b ird s  in te n s it y  
o f  molt during  the t r ia l  period  was "ve ry  l i g h t "  to " l i g h t " .
Throughout the period  in  which the energy balance t r ia l s  were 
conducted, May, June and J u ly ,  d a y lig h t ,  in c lu d in g  c iv i l  t w ilig h t ,  
approximates 24 hours in  length. Gross a c t iv i t y ,  recorded throughout 
the la s t  11 t r ia l  periods fo r  3 o f  the 6 experimental b ird s ,  was almost 
e n t ir e ly  random over the 24-hour period  each day (F ig s .  13, 14 and 15).
There were no marked times o f  onset o r ce ssa tion  o f  a c t iv i t y  each
42
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Figure 13. A ctiv ity  record of adult brant No. 1 over the summer
energy balance study period (May through July).
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Figure 14. Activ ity  record of adult brant No. 2a and 2b over the
summer energy balance study period (May through July).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 15. A ctiv ity  record of adult brant No. 3 over the summer
energy balance study period (May through July).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
without permission.
day nor were there any c le a r ly  defined periods o f  a c t iv i t y  and 
in a c t iv i t y .  The former statement notw ithstand ing, there do appear 
to be some ra th er i l l -d e f in e d  s im i la r i t ie s  and d iffe rence s in  the 
in d iv id u a l records. One feature common to a ll was an e a r ly  morning 
period  o f  l i g h t  a c t iv i t y ,  while  the d iffe rence s inc luded: b ird  1 
(F ig . 13) showing add it ion a l periods o f  a c t iv i t y  during the mid-day 
and la te  evening hours; p r io r  to week 5, b ird  2a (F ig .  14) showed 
the most a c t iv i t y  in  the morning hours ( th is  changed to an intense  
and constant pattern  o f a c t iv i t y  in  the f i f t h  week when the brant 
was removed from the t r i a l s )  w hile  b ird  2b (F ig . 14) showed v ir t u a l ly  
equal a c t iv i t y  throughout the day; b ird  3 (F ig . 15) demonstrated a 
strong  a c t iv i t y  period  on ly  during mid-day. A fte r  t r ia l  period  5, 
the b ird  which had sta rte d  in  the 2 p o s it io n  was removed, due to a 
long-term  aphagia, and another b ird  o f  the same sex was su b st itu te d  
fo r  the remainder o f  the study.
G osling  Feed Study
Summer feed s tu d ie s ,  with young b rant on commercial and ee lg ra ss 
d ie ts ,  were conducted over the period  13 Ju ly  to 25 August 1972.
No attempt was made to modify the natura l photoperiod o r temperature 
o f  the b ir d s ' cage environment. Ranges and averages o f  d id  not 
change markedly during the period  o f  the study (43 days) as i s  shown 
by the means o f  16.8°C (range, 29.0 to 9.0°C) fo r  the la s t  18 days o f  
Ju ly  and 15.4°C (range, 25.6 to 7.3°C) fo r  the f i r s t  25 days o f  August.
Weights o f  g o s lin g s  graphed in  Figu re  16 were recorded as averages 
from beginn ings and ends o f  t r ia l  pe riod s. Only the group on commercial
46
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Figure 16. Growth curves of gosling brant fed control and test diets
in the summer.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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feed demonstrated c on sisten t  weight ga in s;  fo r  th is  group o f  b ird s the 
growth curve appeared normal (F ig s.  4 and 16). Other d ie ts proved 
in e ffe c t iv e  in  producing con s iste n t  or s ig n if ic a n t  weight increases 
in  t r ia l  groups (F ig. 16). At the end o f  most t r ia l  periods in vo lv in g  
d ie ts other than commercial feed, the b ir d s ' p hysica l cond it ion  had so 
d eteriorated  (F ig. 17) that they had to be maintained on commercial 
feed tem porarily in  order to restore  th e ir  capacity fo r  use in  fu rther 
t r ia l s .  In  the f i r s t  30 days, 3 b ird s on commercial feed were lo s t  
from t r i a l s ,  2 due to in ju r ie s  and 1 as a re su lt  o f  being cann ibalized  
by a peer. E igh t b ird s died w hile  on other d ie ts .
Mean c a lo r ic  values o f  the fou r d ie ts were: commercial feed,
4.802 + 0.04 (n=5 ); 50/50, 4.273 + 0.04 (n=6); 75/25, 4.017 + 0.01 
(n=2); and fu l l  e e lg ra ss,  3.767 + 0 .0 1  (n=2) kca ls/g  dry weight.
Average excrement c a lo r ic  values fo r  the above fo u r d ie ts were:
4 . 6 0 5 + 0 . 0 9  (n=8); 4 . 0 9 9 + 0 . 0 7  (n=8); 3.901 + 0 . 0 5  (n=4); and 
4.007 + 0.05 (n=5) kca ls/g  dry w eight, re sp ec tive ly . No c le a r  trends 
in  c a lo r ic  value o f  excrement with time were evident w ith in  any of 
the groups.
Feed e f f ic ie n c ie s  (FE = unit gain in  w eight/un it feed consumed) 
were calcu lated  fo r  a l l  groups to gauge the re la t iv e  e ffe c tiven ess 
o f each in  con trib ut in g  mass to the developing b ird s.  Mean values 
were: commercial. 0 . 1 9 + 0 . 0 6  (n=8); 50/50, 0.11 + 0.04 (n=7); 75/25,
-0 .15  + 0.10 (n=4); and fu l l  e e lg ra s s,  -1 .99  + 0.70 (n=4). The d iffe rence  
between FE o f  commercial feed and 50/50 and between 75/25 and fu l l  
ee lg ra ss were not s ig n if i c a n t  (P>0.05 ); there was a s t a t i s t i c a l l y
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Figure 17. Brant gosling from test diet group showing poor feather
development and appearance.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
49
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
s ig n if ic a n t  d iffe rence  (P<0.05) between the FE o f  the 50/50 and 
75/25 d ie ts .  Least squares a n a ly s is  o f  data fo r  commercial feed and 
50/50 d ie t s ,  the 2 in  which there appeared to be trends (Table 4 ), 
revealed that with the 50/50 d ie t no change in  FE occurred with time 
(slope  not d iffe re n t  from 0) and tha t w ith the commercial feed, the 
two parameters are s ig n if i c a n t ly  (ne ga tive ly ) corre lated. When the 
50/50 d ie t  value fo r  day 3 (FE = 0 .31) was excluded a s ig n if ic a n t  
(P<0.05) p o s it iv e  c o rre la t ion  between day and FE value re su lted ; 
reg re ss ion  equations o f  FE vs time fo r  both d ie ts are given in  Table 4.
E f f ic ie n c y  o f  u t i l iz a t io n  (EOU), a more se n s it iv e  and p rec ise  
measure o f  the b ir d s ' a b i l i t y  to u t i l i z e  a food resource, was ca lcu la ted  
fo r  a ll groups; percent averages were 60.3 + 0 . 0 1  (n=8) fo r  commercial, 
33.5 + 0.02 (n=7) fo r  50/50, 14.4 + 0.02 (n=4) fo r  75/25, and -39 .4  + 0.14 
(n=4) fo r  f u l l  e e lg ra ss.  S t a t i s t ic a l l y  s ig n if ic a n t  d iffe rences (P<0.05) 
in  EOU were found between a ll groups. Least squares a n a ly s is  o f  EOU 
data fo r  the 50/50 d ie t,  both with and w ithout the re su lt s  fo r  day 3 
(EOU = 4 1 . 7  p ercent), showed no s ig n if i c a n t  (P>0.05) change with time 
(slope not d if fe re n t  from 0). E f f ic ie n c y  o f  u t i l iz a t io n  data fo r  
commercial feed showed a decrease w ith time and the re la t io n sh ip  was 
s t a t i s t i c a l l y  s ig n if i c a n t  (P<0.05); the reg re ss io n  equation de scr ib ing  
th is  re la t io n sh ip  i s  given in  Table 4.
Cc-variance a na ly s is  o f  EOU and FE o f  both commercial feed and 
50/50 d ie ts  were ca rr ie d  out. No s t a t i s t i c a l l y  s ig n if ic a n t  d iffe rence  
(P>0.05) was found between the EOU reg re ss io n  c o e ff ic ie n ts  o r between 
the FE adjusted means, however, a s t a t i s t i c a l l y  s ig n if ic a n t  d iffe rence
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Table 4. E f fic ie n c y  o f  u t i l iz a t io n  (EOU) and feed e f f ic ie n c y  (FE) o f 
g o s lin g  P a c if ic  Brant consuming commercial ra t ion  and 
m ixtures o f  commercial ration  w ith e e lg ra ss d ie ts .
Commerical 50/50 75/25 Ee lg rass
Day o f  d ie t  d ie t  d ie t  d ie t
Study+ EOU FE EOU FE EOU FE EOU FE
2 -1 .0 -1 .65
3 65.7 0.46 41.7 0.31
7 -57 .8 -0.64
9 61.9 0.37 26.3 0.04
13 64.9 0.34 16.7 -0 .03
14 33.0 0.01
17 38.9 -0.01 -61 .0 -4.11
18 60.8 0.16
20 36.2 0.10
23 57.1 0.04
27 59.8 0.11
31 25.5 0.14
35 16.1 -0.49
36 62.7 0.12 17.4 -0.26
38 32.9 0.15
41 49.6
(a)
-0 .05
(b) (c) (d)
7.3 -0 .34 -33 .3 -1.60
(a) -  Y EOU = 66.3 - 0 .19t
(b) - Y FE = 0.45 - O.Olt
(c) -  Y EOU = 32.9 -  0 .0 3 t *
(d) - Y FE = 0.041 + O .O lt*
+ Days are mid po in ts o f  su cce ss ive  t r ia l s .
*Denotes reg re ss ion  ca lcu la ted  w ithout day 3 data.
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(P<0.05) was found between EOU adjusted means and the FE reg re ss ion  
c o e ff ic ie n t s .  The lim ited  data a va ila b le  fo r  the other two d ie ts d id  
not a llow  fo r  meaningful covariance o r  re g re ss io n  a n a ly s is  (Table 4).
E e lg ra ss C o lle c tion s
R e su lts o f  in v e st ig a t io n s  o f  seasonal v a ria t ion  in  chemical 
composition and c a lo r ic  value o f e e lg ra ss are presented in  Table 5.
P ro te in , to ta l l ip id s  and l ig n in  components were observed to vary 
on ly  s l i g h t l y  throughout the c o lle c t io n  period. P rote in  values ranged 
from a low o f  9 .8  to a high o f  13.7 percent (mean, 11.3 + 0 . 2 ) ,  however 
the va lues flu c tuated  ir r e g u la r ly  and a d iffe rence  between sample s i t e s  
was as great as 1.7 percent in  a s in g le  c o lle c t io n .  A ll l i p id  va lues were 
lower than 1 percent, most were well below 0.5 and averaged 0.33 + 0.03 
percent; d iffe rence s between sample s i t e s  fo r  a given c o lle c t io n  were as 
much as two- o r  th re e -fo ld .  L ign in  values were e s se n t ia l ly  constant 
over the se r ie s ,  the mean was 4 .8  + 0.2 percent and values ranged from 
3 to 6 percent with the g reatest d iffe rence  between s i t e s  being 2 percent.
The so lub le  carbohydrate fra c t io n  showed an increase  in  the beginning 
of the period  (between 15 May and 2 June), peaked in  e a r ly  Ju ly ,  then 
declined slo w ly  u n t il i t  made a su b sta n t ia l drop in  the la te  season 
(between October 3 and November 19). So lub le  carbohydrates averaged 
32.4 + 1.4 over the c o lle c t io n  period  and at va rious times made up 25 
to 35 percent o f  the to ta l fo r  a l l  c o n st itu en ts.
C e llu lo se ,  which was r e la t iv e ly  h igh (approxim ately 30 percent) 
fo r  the f i r s t  two c o l le c t io n s ,  atta ined  a seasonal low o f  15 percent 
in  e a r ly  June. Subsequent values tended to increase  u n t il e a r ly  Ju ly
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Table 5. Seasonal (15 April —  19 November) changes in chemical composition expressed as percent of dry 
matter and caloric value of eelgrass (Zostera marina) from Izembek Lagoon, Alaska.
Collection 
date and site
Sol uble 
carbohydrates
Fiber
Protein
(N-6.25)'
Total
lip id Ash
Caloric value 
(kcal/g organic 
matter)LI gnin Cellulose
4-16 A 6 28 10.3 0.27
0 6 30 11.3 0.34
5-15 A 25.3 6 28 11.8 0.19 28.7 4.19
B 23.7 6 32 12.4 0.38 35.5 4.14
6-2 A 34.2 4 15 10.7 0.27 35.8 . 4.11
3 33.1 3 15 12.1 0.25 36.5 4.15
6-13 A 5 18 12.0 0.23
B 4 20 12.1 0.31
6-30 A 33.2 5 22 11.4 0.70 27.7 4.11
B 36.9 5 17 12.8 0.43 27.9 4.06
7-6 A 4 19 11.2 0.31
B 3 19 11.7 0.22
8-3 A 37.4 5 25 10.7 0.33 21.6 4,'v5
B 36.8 4 26 9.0 0.48 23.7 4.13
8-17 A 5 18 10.7 • 0.14
B 5 21 10.4 0.35
9-3 A 35.7 6 21 9.8 0.63 26.9 3.95
B 36.4 6 20 10.3 0.62 26.7 4.01
9-15 A 4 18 10.9 0.24
6 5 18 11.1 0.38
10-3 A 34.8 4 21 10.7 0.22 29.3 3.90
B 35.5 6 17 10.2 0.26 31.0 3.91
11-2 A 4 21 13.7 0.21
B 4 19 13.3 0.19
11-19 A 27.5 5 22 12.0 0.15 33.2 3.92
B 22.7 5 22 11.0 0.48 36.8 3.85
Regression equation 1s y ■ 4.41 -  0.05 t (y - kcals/g of ash free dry matter, t,» time 1n months).
when they reached approximately 25 percent, the rea fte r a drop occurred 
to a leve l o f  about 20 percent which was maintained throughout the balance 
o f  the c o lle c t io n  period. The average value o f  c e l lu lo se  fo r  the se r ie s  
was 21.2 + 0.9 percent.
Ash values exh ib ited  somewhat the same pattern as so lub le  carbohydrates 
except that the trend was from high to low values from the beginning o f the 
co l le c t io n s  to e a r ly  Ju ly , and then a steady increase  through November; 
mean value fo r  a ll  ash samples was 30.1 + 1 . 3  percent.
C a lo r ic  value o f  ee lg rass samples showed a moderate decline  over the
sampling period ; the range was from 4.170 to 3.890 kca ls/ g  o f  ash free 
dry m atter, given as averages o f  the second and la s t  c o lle c t io n s  re sp ec tive ly .  
Least squares reg re ss io n  a n a ly s is  showed that the change o f c a lo r ic  value
w ith time was s ig n if i c a n t ly  d if fe re n t  from zero (P<0.05) (Table 5).
Average c a lo r ic  value o f ee lg ra ss over the se r ie s  was 4.042 + 0.03 
kcals/g.
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DISCUSSION
Growth and Development
In 1957, W e ller expressed concern about the paucity  o f published 
inform ation  on growth, w eight and plumage development o f  waterfowl 
despite  t h e ir  long h is to ry  o f  cu ltu re  by man. In  the la s t  seventeen 
years the s it u a t io n  has improved somewhat. The modest growth o f  
a va ila b le  inform ation  has however resu lted  almost e x c lu s iv e ly  from 
stu d ie s on b ird s  from the subfam ily Anatinae (ducks) and in  comparison 
very l i t t l e  p rogre ss has been made with the Anserinae (swans, geese 
and w h is t lin g  ducks). Consequently comparison o f  the growth and 
development o f  b rant to other Anatidae have been made almost e n t ire ly  
w ith ducks ra th e r than to other geese with which they are more c lo se ly  
a ll ie d .
The growth and development study reported here fo r  captive  P a c if ic  
Brant had as i t s  primary purpose the estab lishm ent o f  a se t  o f  data, 
fo r  b ird s on a h igh  plane o f  n u t r it io n ,  which could be used as a se t  
of norms fo r  e va lua tin g  performance o f  g o s lin g s  in  feed ing t r ia l s .
The study provides a p re lim ina ry  p ic tu re  o f  brant development which 
can be applied  to ,  o r modified fo r ,  f ie ld  in v e st ig a t io n .
The immediate p ost-hatch ing  weight lo s s  o f P a c if ic  Brant found in  
th is  study a lso  occurs in  other species o f  waterfowl (Kear, 1965; Smart,
1965; Cain, 1970). P ost-ha tch ing  weight lo s s  re su lt s  from d ry ing  o f 
embryonic f lu id s  and u t i l i z a t io n  o f  y o lk  n u tr ie n ts during and a fte r  
hatching (Kear, 1965). Kear (1965) a lso  suggests an increased  metabolism
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o f young during  e a r ly  post-hatch ing re su lt in g  from m ob iliza t ion  o f  yo lk  
reserves fo r  storage  in  other o rgans, p r im a rily  the l i v e r ,  which 
con tributes to weight lo s s  over t h is  period.
Recovery o f  hatching weight i s  rap id, e .g . ,  the P a c if ic  Brant in 
th is  study accomplished t h is  in  2 days, the la rge  Great Basin Canada 
Geese (Branta canadensis m o f f i t t i ), stud ied  by Yocum and H a rr is  (1966), 
requ ired  3 days, and the Ruddy Duck (Qxyura jam a icen sis) ( S ie g fr ie d ,
1973) requ ired  4 days, the longest period  noted fo r  any waterfowl.
Geese in  th is  study experienced a decrease in rate o f ga in  
commencing about day 23, which corresponded with the beginning o f 
the period  o f  greatest remige growth. Th is pattern has been found 
in  captive  reared Redhead (Aythya americana) (W eller, 1957), Ruddy 
Ducks ( S ie g fr ie d ,  1973), 5 species o f  European d ive rs and dabblers 
(Vese lovsky, 1953), Cape Barren Geese (Cereopsis novaeholland iae ) , 
which are ducks o f  the t r ib e  Tadornin i (De lacour and Mayr, 1945), and 
Lesse r Snow Geese (Anser caeru lescens cae ru le scens) by Barry (1967). 
Dzubin (1959), working with f r e e - l iv in g  Canvasbacks (Aythya v a l i s i n e r ia ), 
and Schneider (1965), study ing f r e e - l iv in g  M alla rds (Anas p ia ty rhyncho s), 
Canvasbacks, and Lesse r Scaup (Aythya a f f i n i s ) ,  in  in t e r io r  A la ska , d id  
not f in d  th is  pattern. Weight curves described by Hanson (1958) fo r  
G iant Canada Geese (B^ . c. maxima) and Yocum and H a rr is  (1966) fo r  Great 
Basin  Canada Geese a lso  do not ind ica te  t h is  decrease in  rate o f  weight 
gain during primary development. Decrease in  rate o f  weight gain in  
P a c if ic  Brant d id  not re su lt  in  a p lateau  in  the weight curve.
A second decrease in  rate o f  weight gain  in  the brant, which
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commenced about day 37, d id  re su lt  in  a p lateau  as most b ird s lo s t  
weight i n i t i a l l y  and then s t a b i l iz e d  over a 19 day period . A weight 
lo s s occurring  a t  tha t time, a ttrib u te d  to energy cost o f  f i r s t  
f l i g h t ,  has been recorded in  almost a ll s im i la r  s tu d ie s.  Body 
weights in  some specie s have been noted to drop markedly during 
p re -f le d g in g ,  as i s  i l lu s t r a t e d  in  the weight curve fo r  captive 
G iant Canada Geese (Hanson, 1958) and fo r  w ild  Le sse r  Snow Geese 
(Barry, 1967). An abundant food supply and re s t r ic te d  area fo r  
a c t iv i t y  fo r  the b rant may have prevented th is  weight lo s s .  A 
p re -fle d g in g  w eight decrease was not c le a r ly  apparent in  young 
Great Basin  Canada Geese which were hand ra ise d  (Yocum and H a rr is ,
1966).
Apparently there are no pub lished  ye a r ly  weight curves fo r  w ild  
P a c if ic  Brant; the refo re  the degree to which the ye a r ly  weight curve 
found fo r  captive  b ran t in  t h is  study represents tha t o f  f r e e - l iv in g  
b ird s i s  unknown. I t  i s  assumed that changing sex o r  age stru c tu re  
through d if fe re n t ia l m o rta lity  o f  males o r females o r  "m issed " breeding 
seasons, a not uncommon occurrence with b rant, would in fluence  the 
ye a rly  weight curve o f  the w ild  population. The present data show 
two periods o f  decrease in  weight (w inter and summer) each o f which 
i s  separated from the other by a period  o f inc rease  (F ig . 5) the 
greatest o f  which occurs in  the la te  f a l l .  The two periods o f  weight 
decrease, which are m anifesta tions o f  negative  energy balance, correspond 
gene ra lly  to those found fo r  In t e r io r  Canada Geese (13. c. in t e r i o r )
(W illiam s, 1965). Body weights o f  brant have been determined by va rious
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in v e st ig a to r s  at sp e c i f ic  times o f  the ye a r on ly , the bulk o f  the data 
has been accumulated on m oulting b ird s .  A weight curve fo r  P a c if ic  
Brant during the reproductive  season as given by Barry (1967) does 
not ge ne ra lly  correspond to p resent data over the same time period  
(A p r il through September). Fu rthe r, B a r r y 's  data p o in ts represent 
a sample s iz e  o f  three o r le s s .  E inarson  (1965) reported weights 
obtained fo r  summer brant on the Yukon-Kuskokwim Delta 1332 g (n = l50).
Th is average weight (1332 g) should  represent a near minimum weight fo r  
summer brant as weight lo s se s  o f  from 10 to 15 percent have been documented 
fo r  geese during  the summer n o n - f ly in g  moult period  (Hanson, 1962) and, 
although not s p e c i f ic a l ly  sta te d , E in a r s o n 's  (1965) weight data appear 
to have been obtained from f l i g h t le s s  non-breeding geese. Mean summer 
w eight o f  brant from th is  study was well below (160 g) tha t  c a lcu la te d  
from E in a r s o n 's  (1965) data. Th is d iffe rence  may be explained on the 
b a s is  o f  time o f moult as considerab le  d iffe rence s in  mean values can 
be expected as the moult p rogre sse s (Matthews and Campbell, 1969). Weights 
fo r  Ju ly -August moulting o f  P a c if ic  B rant on the Yukon De lta  show that 
there i s  a considerab le  mean weight flu c tu a t io n  over the ye a r (males:
1264 g, n=277; fem ales:1080 g, n=285) and fo r  February-March b ird s  on 
the B r i t is h  Columbia coast (male: 1450 g, n=189; females: 1300, n = l81)
(Hansen and Nelson, 1957). In  t h is  study the winter-summer weight 
re la t io n sh ip  found by Hansen and Nelson (1957) was reversed.
Four b rant, 2 adu lts and 2 immatures, co lle cted  from Izembek Lagoon 
in  la te  October averaged 1781 g; the la rg e st  weighed 2110 g. Th is small 
sample p rovides some evidence fo r  a y e a r ly  weight peak fo r  w ild  P a c if ic
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Brant o ccurring , as the curve fo r  captive  brant in d ic a te s,  im nediately 
p r io r  to southward m igration  in  la te  October o r  e a r ly  November. Large r 
and more frequent samples must be accumulated before a representative  
ye a rly  weight curve can be constructed fo r  the w ild  P a c if ic  Brant 
population.
In  the P a c if ic  Brant the ta rsu s grows fa s te r  and completes development 
more q u ick ly  than the culmen, as i s  the case with most other b ird s (Huggins, 
1940). Canvasbacks are reported to be an exception among waterfow l, as 
the culmen shows more rap id  development than the ta rsu s  over most o f  the 
growth curve (Dzubin, 1959); however even with these b ird s the curve fo r  
tarsus growth f la t te n s  before tha t  o f  the culmen.
In  th is  study on P a c if ic  B rant, culmen length was assumed to have 
reached a maximum about day 43 as the 3 succeeding measurements d id 
not ind ica te  a continued inc rea se ; the mean length o f  34.0 mm agreed 
well with D e la co u r 's  (1954) range o f  32-37 mm fo r  w ild  b ird s o f  the 
same subspecies. Hanson (1951) has shown fo r  Canada Geese that the 
culmen lengths o f  adu lts were no longer than those o f  immatures in  
th e ir  f i r s t  ye a r o f  l i f e .  In  con tra st, Matthews and Campbell (1969) 
found a s t a t i s t i c a l l y  s ig n if i c a n t  increase  in  culmen length fo r  male 
Greylag Geese (Anser a n se r) over the f i r s t  w in te r; in  fem ales 'the  
increase  ju s t  f a ile d  to reach s t a t i s t ic a l  s ig n if ic a n c e .  P re lim ina ry  
evidence in  data on Spectacled E id e r (Som ateria f i s c h e r i ) and Cackling 
Canada Geese (B. c. minima) ind ica te s that a "sh r in ka ge " apparently 
occurs in  the culmen (as well as ta rsu s )  as lengths o f  these body parts 
in  adu lts i s  le s s  than tha t o f  immatures (C. Dau and P. M ikke lson, pers.
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comm.). As no measurements were taken on b ird s  in  th is  study a fte r  
day 57, a subsequent decrease in  mean length would not have been noted.
Tarsi o f  the captive  P a c if ic  B rant developed rap id ly  and had 
e s se n t ia l ly  stopped growing by day 21. As with the culmen, rate  o f 
tarsu s growth was the g reatest during the f i r s t  week o f  l i f e .  Unlike  
weight increase  and culmen growth the ta rsu s exh ib ited  no second increase  
in growth rate. Delacour (1954) g ives a range o f  53-66 mm fo r  ta rsa l 
measurements o f  P a c if ic  B rant, which i s  sh o rte r  than that found in  the 
captive  group (62-72 mm). I t  i s  not known to what extent D e la co u r 's  
values were in fluenced  by sex ra t io .  There were sex re lated  d iffe rence s 
in  ta rsa l length and weights o f  the captive  brant, but not in  culmen length.
There appears to be a continuum o f  rate o f  ta rsa l development among 
waterfow l, which i s  shown by the fo llow ing  examples. S ie g f r ie d  (1973) 
found that the culmen and tarsu s development from hatch ing o f  Ruddy 
Ducks ( tr ib e  O xyu rin i)  was slow er than tha t in  other d ive rs (A y th y in i) .  
However, at the time o f  hatch ing the ta rsu s was about 60 percent o f  
adu lt length. The middle toe o f  the Ruddy Duck was found to have a 
more rap id  growth rate than the ta r su s ,  which was presumed to be an 
adaptation fo r  d iv in g  as i t  re su lt s  in  a r e a lt iv e ly  la rge  foot at an 
e a r ly  age. The A yth in i (Dzubin, 1959; Kear, 1970; W eller, 1957) have 
ta r s i  which develop more s w if t ly  than that o f  the Ruddy Duck and reach 
f u l l  development in  6 to 8 weeks. Data on Cape Barren Geese ind ica te  
a tarsu s and culmen development pattern  very much l ik e  that o f the 
Aythyin i (Vese lovsky, 1973). Penge lly  and Kear (1970) sta te  tha t rap id  
leg development in  many waterfowl i s  presumably an adaptation to l i f e
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on rap id ly  flow ing water. Kear (1970) compared re la t iv e  growth rates 
of the d ucklings and found that dabblers, although sm a lle r at hatch ing, 
develop at g reate r rates than d ive rs. I t  i s  assumed that a p roportional 
growth takes place with the ta rsu s in  dabblers and maximum length is  
obtained sooner than the 6 to 8 weeks required  fo r  d iv e rs ;  the rap id  
development o f  the ta rsu s o f  dabblers i s  presumably an adaptation to 
t h e ir  more t e r r e s t r ia l  way o f  l i f e .
In comparison Canada Geese, weighing some 2700 to 3200 g when f u l l y  
grown, completed ta rsu s growth by the 7th week o f l i f e  (Yocum and H a rr is ,  
1966). Considering  body s iz e  and when compared w ith the other groups o f  
waterfow l, time o f  completion o f  tarsus development in  Canada Geese was 
as extremely abbreviated as i t  was fo r  P a c if ic  Brant in  t h is  study (21 
days).
Feathers grow a t rates which are dependent upon sp e c ie s, age, 
feeding h a b it s ,  phy sica l cond it ion , time o f  ye a r and time o f  day 
(Welty, 1962).
Plumage growth and development stu d ie s on waterfowl have, fo r  the 
most part, been management o riented , i . e . ,  designed to contribute  to 
the f a c i l i t a t io n  o f ageing and/or sex ing  o f  b ird s in  the f ie ld .  Therefore, 
much o f  the d e sc r ip t ive  work invo lve s general appearances, and in t ra -  o r 
inter-specim en comparisons o f  va rious growth parameters. Stud ies which 
have reported f l i g h t  feather measurements which are comparable to th is  
study are r e la t iv e ly  few in  number.
A notable d iffe rence  found in  sequence o f  feathe rin g  between captive  
P a c if ic  Brant and o ther waterfowl was that in  the d iv in g  ducks (Pxedhead,
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Canvasback) development of the secondaries preceded that of the primaries 
(Weller, 1957). The pattern observed and illu s tra te d  graph ically in 
Cape Barren Geese, by Veselovsky (1973), appears to be sim ila r  to that 
recorded for the 2 Aythya species. The reverse was true in this study; 
the primaries were markedly dominant in the ir development and a ll could 
be counted on day 10, whereas i t  was 3 to 5 days la ter before measurements 
could be taken on a ll secondaries. Other feather growth phenomena such 
as the d iffe rentia l growth of "outer" and "inner" rectrices and the length 
reversal o f primaries 8 and 9 during development have hitherto been 
unreported. I t  may be that these patterns are unique in geese, in 
brant, or to th is study.
Early f l ig h t  is  n.f course strongly dependent upon a rapid rate of 
f l ig h t  feather (remige) development, and the age at which f l ig h t  i s  
attained decreases from divers to dabblers, and then to geese (Weller, 
1957; Barry, 1967). The age o f f i r s t  f l ig h t  relationship between geese 
and other waterfowl is  perhaps not so obvious due to the great range in 
size  of the geese, but development and f lig h t  readiness proceed rapidly 
as is  shown by growth o f body parts and feathers. Soper (1930) observed 
Blue (Snow) Geese (Anser caerulescens caerulescens) in the Foxe River 
Basin of Baffin  Island which had hatched in mid-July making f lig h ts  "a 
l i t t l e  more than a month la te r ",  while Cooch (1953) has given 5 weeks 
for f i r s t  f lig h t  in the same subspecies. Barry (1967) provided a weight 
curve for Snow Geese from the Anderson River Delta, N.W.T. which, i f  
interpreted correctly using the pre-fledging drop in weight as a guide, 
indicates an approximate f i r s t  f l ig h t  age of about 40 days. Barry (1967)
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a lso  notes that growth and development o f W hite-fronted  Geese (Anser 
a lb if r o n s ) p a ra l le ls  that o f  the ne ighboring Snow Geese with hatching 
and f ly in g  times not d is t in g u ish  ably d iffe re n t.  M ikke lson  (1973) on 
the o ther hand sta te s that the la rge r  W hite-fronted  Geese fledge at 55 
to 65 days on the Yukon-Kuskokwim Delta and that Emperor Geese (Anser 
c anag icu s) were not g re a t ly  in  advance o f  the former with fle d g in g  ages 
o f 50 to 60 days. This ra th e r la rge  discrepancy in  fle d g in g  ages o f 
W hite-fronted Geese might be explained on the b a s is  o f  an increase  in  
rate o f  plumage development with in c re a s in g  la t itu d e .  However th is  
th e sis  i s  not supported by Schn e id e r 's  (1967) comparison o f  re su lt s  o f 
h is  own work in  A laska  on ducks with re su lt s  obtained on the same species 
at lower la t itu d e s .
The Canada Geese comprise at le a st  12 races (sub spec ie s) (Delacour,
1954) which range in  s iz e  from J3. c. minima (C ack lin g  Goose) o f  some 1.1 
kg to J3. c. maxima which has been known to  reach more than 9.0 kg. The 
sm a lle r o f  the two races a tta in s f l i g h t  in  40 to 46 days (M ikke lson,
1973) and the la rg e st  in  ju s t  over 10 weeks (Hanson, 1958). Ages o f  
f i r s t  f l i g h t  fo r  some o f  the more interm ediate s ize d  Canada Geese are 
49 to 56 days fo r  Great Basin  Canada Geese (M o f f it t ,  1931) and approximately 
63 days fo r  In t e r io r  Canada Geese (Hanson, 1965). When the ages given 
above are compared with the 60 and 70 day average ages calcu la ted  fo r  
d iv in g  ducks (W elle r, 1957) i t  can be seen tha t there i s  an acce lera tion  
of f l i g h t  read iness in  geese despite  greater s iz e .
Brant appear to have the most accelerated plumage development among 
the geese. E inarson  (1965) reports the age fo r  f i r s t  f l i g h t  o f  P a c if ic
63
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Brant as seven weeks w hile  Barry  (1967) reports 40 to 45 days and 
M ikke lson  (1973) ca. 40 days. M ikke lson  (1973) notes tha t on h is  study 
area in  coastal A la ska  brant grew fa s te r  and gained f l i g h t  e a r l ie r  than 
s im i la r  s ize d  Cackling  Geese.
There are undoubtedly many fa cto rs which determine age o f  f i r s t  
f l i g h t  in  b ir d s ,  however one o f  the most important must be c r i t ic a l  
wing area. C r it ic a l  wing area i s  probably best ind icated  by primary 
development at time o f  f l i g h t  and expressed as a percentage o f  to ta l 
growth. Total growth, o r length , o f  p rim arie s increases in  Canada 
Geese from the f i r s t  through the th ird  molt (Hanson, 1958). Stud ies 
in  which to ta l growth was found to occur o r  be necessary before f l i g h t  
were not found, ge ne ra lly  waterfowl fledge  considerab ly  before primary 
growth ceases (W eller, 1957). Percent o f  tota l primary growth a t f i r s t  
f l i g h t  has not been determined in  the f ie ld  fo r  any waterfow l, and few 
authors g ive  an estim ate fo r  captive  b ird s .  Th is study does not ind ica te  
at what age the b ird s were able to su s ta in  f l i g h t  as they were c lo se ly  
confined, but an entry in  the record ind ica te s an a b i l i t y  to  r is e  v e r t ic a l l y  
a sh o rt  d istance  and make an abbreviated f l i g h t  at 35 days o f age. According 
to the primary growth curve determined in  t h is  study , the 35 day-o ld  captive  
b ird s  and M ik ke lso n 's  (1973) 40 day-o ld  fledged brant had completed 68 and 
80 percent o f  t h e ir  tota l growth, re sp ec tive ly .
O xy gen  C o n su m p tio n
The body weights o f male P a c if ic  B rant (1615 g) used in  the summer 
oxygen consumption t r ia l s  were g reater than the females (1360 g) (Table 1).
In the w in te r t r ia l s  however, male body weights (1381 g) were somewhat,
64
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
but not s ig n i f i c a n t ly ,  l ig h te r  than those o f the female b ird s (1409 g). 
The reve rsa l o f  weight re la t io n sh ip  in  w in te r may be a re su lt  o f the 
immature (subadult) sta tu s o f  the b ird s when used in  the t r i a l s ,  i .e .  
before a sex dependent weight d if fe re n t ia t io n  had occurred.
The mean body temperature (Tg) recorded fo r  brant in  th is  study 
(40.9°C) does not d if f e r  appreciab ly from that given fo r  domestic 
geese (40.8°C) by Benedict and Lee (1937) or that reported fo r  2 brant 
by I r v in g  and Krog (1954) (40.5°C) fo r  measurements taken at TA o f  -23 
and -24°C. Ir v in g  and K ro g 's  (1954) Tg measurements (range, 39-42°C) 
were taken during b r ie f ,  p hysica l r e s t ra in t  o f  the b ird s ,  while  those 
o f t h is  study (range, 40.5-41.5°C) were obtained from c lo a c a lly  in se rted  
thermocouples (6 to 7 cm) over a period o f  1 to  2 hours at a wide range 
Of TV
Despite a reversa l o f  the usual weight re la t io n sh ip  o f  male and 
female b rant, the mean re s t in g  m etabolic rate o f  males in  w in te r at 
therm oneutrality was h ighe r on a per b ird  b a s is ,  but not s ig n if i c a n t ly ,  
than that o f females tested  during the same period . The la rg e r  summer 
acc lim atized  males had a s ig n if i c a n t ly  h igher average m etabolic rate than 
that o f  the l i g h te r  females. There was a h ig h ly  s ig n if ic a n t  d iffe rence  
between thermoneutral re s t in g  rates o f  w in te r and summer P a c if ic  Brant. 
The combined weight s p e c if ic  rate at therm oneutrality in  th is  study was 
h igher in  w in te r and lower in  summer than those reported by Ir v in g  et
a]_. (1955). I r v in g  et al_. (1955), working w ith a s in g le  brant, found 
no marked d iffe rence  between the summer and w in te r basal m etabolic rates
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(BMR). Although not having absolute  va lues, the data o f  Ir v in g  et a l .
(1959) was presented in  a form such that the BMR was given as 100 and 
thus re a d ily  comparable to other data; from i t  a temperature of -3 1 °C 
i s  obtained fo r  the p o in t at which the brant doubled metabolic rate 
during both w in te r and summer (the reg re ssion  formulae would therefore 
be e s se n t ia l ly  the same fo r  metabolism below in summer and w in te r).
The reported Tc i s  the same fo r  both seasons and both reg re ss ion  lin e s  
e xtrapo late  to Tg . By a ss ig n in g  metabolic rates at therm oneutrality 
obtained in  th is  study the value o f 100, i t  was determined that females 
and males in  summer doubled th e ir  rates at -24.5 and -3 1 °C, re sp ec tive ly ; 
the temperature at which doubling o f the MR fo r  both groups occurred was 
-28°C. U sing th is  combined rate fo r  male and female w in te r b ird s the 
doubling o f  Or, consumption was found to occur at -24°C. The d iffe rence  
between the temperatures at which doubling o f  the metabolic rate occurred 
in  w in te r in  th is  study and that o f  Ir v in g  et al_. (1955) appears to be 
re lated  to the f la t t e r  slope  o f  the reg re ssion  lin e  determined in the 
la t te r .
Ir v in g  et _aj_. (1955) found a lower Tc o f 6°C fo r  both w in te r and 
summer acclim atized  brant. In t h is  study, the w in te r lower Tc fo r  both 
males and females was 10.3°C. Lower c r i t ic a l  temperatures o f  summer 
males and females in  t h is  study were 2.5 and 8.2°C re sp ec tive ly .
The seasonal re la t io n sh ip  in  rate i s  not a ltered  by expre ssin g  
the m etabolic rates on a gram body weight b a s is .  In  fa c t ,  the d iffe rence  
i s  m agnified because experimental b ird s used in  the summer were heavie r
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(1488 g) than those used in the winter tests (1395 g) (Table 1). When 
calculated on a per gram body weight basis, the rate at thermal neutra lity 
for summer b ird s was 0.69 + 0.03 and for w inter b irds 1.01 + 0.04 
cc02/g*hr; lin ea r increase of metabolism fo r the 2 groups below the 
are described by the formulae y = 1.30 - 0.028(t) and y = 0.79 - 
0.022(t), fo r winter and summer respectively (y is  expressed in 
cc02/g*hr, t in °C).
Table 6 shows that the male and female Pac ific  Brant combined 
winter standard metabolic rate (SMR), measured in the dark and at 
thermoneutrality, was higher than the rates predicted on the basis of 
body weight by equations given by Lasiewski and Dawson (1967), Aschoff 
and Pohl (1970), and Dolnik (1974). The SMR of summer males was 
e ssen tia lly  the same as that predicted by Aschoff and Pohl (1970) 
and Dolnik (1974), but was 15 percent higher than that predicted by 
Lasiewski and Dawson (1967). The SMR for summer females agreed well 
with Lasiewski and Dawson's (1967) predicted rate, but was below those 
of Aschoff and Pohl (1970) and Dolnik (1974). The active (a) time 
formula of Aschoff and Pohl (1970) for SMR was used for the ir predicted 
rates given above as the birds when tested were judged to be in an 
active period (th is study; C. Dau, pers. comm.; Hochbaum, 1955).
A s ig n if ic a n t ly  higher winter than summer metabolic rate whether 
expressed on a per b ird  or per gram body weight basis (approximately 
50 percent higher than that predicted by various standard rate formulae 
at thermoneutrality) i s  not readily explained. The annual program for
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Measured and p re d ic te d  ra tes o f  m etabolism  a t  the rm on e utra lity  and o f  thermal 
conductance below th e rm on eutra lity  f o r  P a c if ic  B ran t.
Thermal conductance (C)
_ SMR (k c a ls /b ir d -d a y )____________________ EMR (k c a ls /b ird « d a y )  (c c O ? /g h r» ° C )
Lasiew sk i A sch o ff  Casiew sk i
T h is and Dawson and Pohl D o ln ik  T h is Kendeigh D o ln ik  T h is e t  a l.  
study  (1969)2 (1970)3 (1974)* study  (1970)5 (1974)6 study  (1967)
W inter
Male 1381 166.94 98.88 115.14 117.69 __ 126.47 185.55 0.0290 0.0215
Female 1409 150.02 100.33 116.84 119.24 - 128.40 188.03 0.0270 0.0213
Summer
Male 1615 127.46 110.73 129.06 130.35 236.0 142.33 205.78 0.0223 0.0199
Female 1360 99.26 97.79 113.86 116.52 254.10 125.02 183.68 0.0206 0.0217
Male and Female 
W inter 1395 156.79 99.61 115.95 118.47 __ 127.44 186.80 0.0280 0.0214
Summer 1488 116.18 104.37 121.58 123.56 244.9 133.80 194.94 0.0222 0.0207
^Data from Table  1.
Formulae f o r  p re d ic t in g  (a )  SMR, (b ) EMR and (c )  thermal conductance on the b a s is  o f  body w e ight (W):
a: 2lo g  M = lo g  78.3 + 0.723 lo g  W (W in  k g ) . B: 5lo g  M = -0 .2673  + 0.7545 lo g  W (W In  g )
3lo g  M = lo g  91.0 + 0.729 lo g  W (W 1n k g ) f o r  a  time 6 lo g  M = lo g  149.9 + 0.661 lo g  U (W in  k g)
4lo g  M = lo g  95.32 + 0.653 lo g  W (W in  k g ) C: 7lo g  C -  lo g  0.848 -  0 .508 lo g  W (W 1n g )
Mean 
body 
wt ( g ) 1
P a c if ic  Brant i s  such that temperature extremes are encountered only 
b r ie f ly  and i r r e g u la r ly ;  atmospheric and/or oceanic in fluences in  both 
northern and southern extremes o f the range exert moderating e ffe c ts 
which provide  a r e la t iv e ly  constant thermal environment. The co ldest 
temperatures are encountered in  summer w hile  the b ird s are on t h e ir  
a rc t ic  and su b a rc t ic  breeding ground, the refore  one would expect 
g reater in su la t io n  and lower MR in  summer than in  w in te r in  w ild  b ird s .
In th is  study, the average temperature to which the experimental b ird s  
were exposed in  summer (15°C) did  not d i f f e r  g re a t ly  from the w in te r 
average temperature (9.5°C). I f  the b ird s respond m etabo lica lly  
accord ing to t h e ir  immediate p r io r  thermal h is to r y ,  MR in  w in te r and 
summer should  have been approximately the same. The e levated MR o f  
w inter b ird s  may be expla ined  as fo llow s. F i r s t ,  c ircannual rhythms 
have been described fo r  m olt, breeding cycles and n ig h t ly  unrest in  
p asse rines (Be rtho ld  e t a K , 1972). B ird s which in  t h e ir  annual programs 
are norm ally exposed to co lde r summer temperatures might be expected to 
develop g reate r in su la t io n  than in  w in te r regard le ss o f  an experimental 
acc lim atiza t io n  temperature. Therefore, in  w in te r, b ird s having le s s 
in s u la t io n  (g rea te r C) would have h igh e r MR at comparable T^, as has 
been demonstrated in  t h is  study. Th is hypothesis assumes that the 
a cc lim atiza t io n  temperature i s  not as s ig n if i c a n t  a fa c to r  in  control 
o f development o f  in su la t io n  as i s  a c ircannual o s c i l la t o r .  Although 
no such endogenously operating  c ircannual rhythm o f  plumage density  o r 
to ta l in s u la t io n  has as ye t  been demonstrated, t h is  does not preclude
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the p o s s ib i l i t y  that such o s c i l la t o r s  occur. Further experimental work
in  t h is  area i s  necessary in  order to reso lve  t h is  question.
Secondly, age d iffe rence s o f  the w in te r (9 mos.) and summer brant 
(2 y r s . )  may have been a fa c to r  in  producing unexpectedly high w in te r 
rate s. The ju ve n ile  b rant with lower average body weights had s ig n if i c a n t ly  
h igh e r MR on a gram body weight b a s is .  B rant, as other geese, gene ra lly  
do not mature se xu a lly  u n t il t h e ir  th ird  year o f  l i f e .  They continue to 
to increase  in  weight in  the f i r s t  few years o f  l i f e  and d if fe re n t  age 
groups may have markedly d if fe re n t  MR, as has been demonstrated fo r  other
animals (Brody, 1945). The la t t e r  hypothesis should  be tested by
conducting w in te r t r ia l s  w ith adu lt b ird s  under experimental cond it ions 
s im i la r  to those under which the 9 month old  b ird s were p rev iou sly  tested.
Regression  l in e s  o f  m etabolic rate below Tq ca lcu la ted  fo r  summer 
and w in te r P a c if ic  Brant d id not extrapolate  to Tg accord ing to the 
Scholander model fo r  heat lo s s  based on Newtonian coo ling  (Scholander 
et al_., 1950), the refo re  va lues presented here as thermal conductance 
(C) do not n e c e s sa r ily  represent total thermal conductance (Ct ) (see 
Poh l, 1969; Pohl and West, 1972). In th is  study, i t  has been assumed 
that C i s  constant at a ll  temperatures below therm oneutrality (Herre id  
and K e s se l, 1967). Values o f  C obtained from reg re ss io n  c o e ff ic ie n ts  
o f  metabolic rates o f  brant below the Tc were 7 percent h ighe r fo r  
combined sex summer (0.0222 cc02/g*h r*°C ) and 31 percent h igher fo r  
combined sex w inter data (0.0280 cc02/g*hr*°C ) than those p red icted 
by the equation C = 0.848W"0,508 (Lasiew ski et a]_., 1967). The greater
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thermal conductance i s  a concommitant o f  the increased  metabolic leve l 
found fo r  w in te r brant in  th is  study. Thermal conductance values 
p red icted fo r  brant stud ied  by Ir v in g  (1955) u sing  the equation o f 
Lasiewski ejt aj_. (1967) were 0.0238 and 0.0234 cc02/g*hr*°C fo r  summer 
and w in te r, re sp e c t iv e ly ,  and are comparable to those found in  th is  
study. Minimum thermal conductance values fo r  brant are lower than 
a ll others found in  the lite ra tu re  except tha t o f  0.0104 cc02/g*hr-°C 
fo r  the Snowy Owl (Nyctea scand iaca ) (Gessaman, 1972). Recent work 
with the Emperor Goose (Anser canaq icus) a lso  reveals a lower conductance 
(0.0142 cc02/g*h r*°C ) than that found fo r  the brant (Morehouse and West, 
unpubl.). Low thermal conductance (high in su la t io n )  values may be 
c h a ra c te r is t ic  o f  waterfowl. Due to a h ighe r sp e c i f ic  heat, water 
has a g reate r capacity fo r  heat t ra n s fe r  than does a ir .  Thus fo r  a 
group such as the waterfow l, which are h ig h ly  aquatic, a low thermal 
conductance would have great adaptive s ig n if ic a n c e .  Thermal conductance 
values ca lcu la te d  fo r  H artung 's (1967) metabolism data on M alla rds and 
B lack Ducks (Anas ru b r ip e s ) were both approximately 0.0250 ccO g/g-h r^C . 
Thermal conductance values fo r  o ther northern re s id e nt o r  se a so na lly  
re sident b ird s  are ge ne ra lly  h igher. The C value o f  a Mew Gull (Larus 
canus) , a c a su a lly  aquatic  sp e c ie s, determined by coo ling  rates o f  carca sses 
was 0.19 cc02/g ‘h r ‘oC; that o f  the more t e r r e s t r ia l  Sand h ill Crane (Grus 
canaden sis) obtained in  the same way was lower at 0.09 c cO g /g 'h r^C  
(Herre id  and K e s se l, 1967). West (1972) reported values o f  0.12 and 
0.18 ccOg/g^hr^C  fo r  w in te r W illow Ptarmigan (Lagopus lagopus) and
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Rock Ptarmigan (Lagopus mutus), re sp e c tive ly ,  which were obtained from 
metabolism data. Both o f  the ptarmigan are w in te r re sidents but are 
found upland. Summer thermal conductance fo r  the coast in h a b it in g  
Northwestern Crow ( Corvus c a u r in u s) i s  somewhat interm ediate to a ll 
o f the above (0.051 c c02/g *h r*oC) ( Ir v in g  e t a K , 1955).
Heart Rate
The re la t io n sh ip  o f  heart rate at rest to (F ig . 11) measured 
in  w in te r acclim atized  P a c if ic  Brant i s  s im ila r  to that o f  SMR vs 
in  both summer and w in te r (F ig s .  8 and 9). A card iac  zone o f  n e u tra lity  
shown in  th is  study i s  c h a ra c te r is t ic  o f  b ird s with re la t iv e ly  la rge  
hearts (Brush, 1966) and has been reported by Drent and Stonehouse 
(1971) fo r  the Peruvian Penguin (Sphe iiscu s humboldt),  Hudson and Brush 
(1964) fo r  the Mourning Dove (Zenaidura macroura) and Coulombe (1970) 
fo r  the Burrowing Owl (Speotyto c u n ic u la r ia ).
The T^ o f 12°C fo r  brant shown in  the p lo t  o f  T^ vs HR i s  about 
2°C above the Tc o f  m etabolic rate  during w inter. Lower Tc fo r  card iac  
and thermal neutral zones have been shown to d if f e r  s l i g h t ly  by Drent 
and Stonehouse (1971) in  penguins and Hudson and Brush (1964) in  doves.
A 10°C wide thermal neutral zone and lack o f  a zone o f  card iac  n e u tra lity  
in  C a l ifo rn ia  Q uail (Lophort.yx c a l if o r n ic u s ) (Hudson and Brush, 1964) 
demonstrates tha t the two Tc need not be c lo se ly  assoc ia ted. Separate 
card iac and thermal zones o f  n e u tra lit y  may a lso  occur in  mammals (Pigmy 
Possum, Cercaertus nanus; Bartholomew and Hudson, 1962).
The re la t io n sh ip  between heart rate and metabolic rate has not been
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s p e c i f ic a l ly  shown fo r  b ird s ,  however i t  can be in fe rre d  from data 
showing tha t MR i s  corre lated  with and HR i s  corre lated  with T^, 
that therefore  MR i s  corre lated  with HR (Johnson and Gessaman, 1973).
Owen (1969) sta ted  t h is  concept in  the fo llow in g  manner: "s in c e  both
heart rate and existence  metabolism are l in e a r ly  corre lated  with temperature, 
they are l in e a r ly  re lated  to each o th e r".  Th is app lie s to standard 
metabolism as w e ll.
A l in e a r  c o rre la t ion  has p re v io u s ly  been demonstrated between 
and each o f  the other two p h y s io lo g ic a l parameters (SMR and HR) measured 
in th is  study. Figure 18 shows the l in e a r it y  o f  the re la t io n sh ip  of 
heart rate  and metabolism below the w in te r Tc o f  captive brant. The 
le a st  squares reg re ss ion  lin e  ca lcu la ted  fo r  HR vs MR i s  described 
by the equation MR = -0.09 + 0.013 (HR) ( r  = 0.83; F = 21.0, d f 1 ,
10; P<0.05).
The re la t io n sh ip  o f HR vs MR obtained in  the w in te r se r ie s  probably 
has lim ite d  p red ic t ive  power outside  o f  t h is  study, not only because i t  
was e stab lish e d  fo r  standard rates o f  metabolism but a lso  because the 
HR vs MR re la t io n sh ip  m^y change se a so n a lly  as has been found fo r  the 
Burrowing Owl (Coulombe, 1970). Caution must be exerc ised  when 
e x tra po la t in g  to a s in g le  in d iv id u a l as HR i s  extremely va riab le  not 
on ly  between in d iv id u a ls  (Owen, 1970) but a lso  fo r  the same in d iv id u a l 
on d if fe re n t  days (Morhardt and Morhardt, 1971). In some cases an 
increase  in  metabolism may not produce an increase  in  HR (Brush, 1965). 
However, Johnson and Gessaman (1973) found ample evidence to support
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Figure 18. R e la tio n sh ip  o f  m etabolic rate and heart rate o f  v-n'nter 
b rant in  short-term  te sts .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the use o f  heart rate to p re d ic t  metabolic le ve ls  o f  b ird s  and mammals 
at re s t  o r during  moderate le ve ls  o f  a c t iv it y .  Owen (1969) has been 
succe ssfu l in  extending the use o f  HR fo r  p re d ic t ive  purposes to a f ie ld  
s itu a t io n  fo r  B lue-w inged Teal (Anas d is c o r s ) and Webster (1967) has 
done much the same with domestic sheep.
The HR i s  not use fu l fo r  o b ta in ing  accurate m etabolic inform ation  
from animals under con d it io n s o f  h igh m etabolic demand ( f l i g h t ,  cold, 
o r  heat) as has been shown by Berger, et a]_. (1970), Morhardt and Morhardt 
(1971), and o th e rs, s in ce  at these h igher le ve ls  the m etabolic rate and 
heart rate lo se  th e ir  l in e a r  re la t io n sh ip .  These stu d ie s demonstrate 
what has been shown by e a r l ie r  w orkers, that in  a c t iv i t ie s  o r s itu a t io n s  
which are m e ta bo lic a lly  demanding, the oxygen requirements o f  t is su e  are 
more e f fe c t iv e ly  served through change in  oxygen p u lse , and to a le s se r  
extent stroke  volume, than by an increase  in  HR.
As Owen (1969) has suggested, the present in v e st ig a t io n  o f  HR with 
T^ and MR i s  probably more valuable  from a comparative than an eco log ica l 
standpoint. Although not app licab le  to many " f i e ld  s i t u a t io n s " ,  the heart 
rate inform ation  given here w ill  be o f  value through p rov id in g  an 
inform ational base fo r  fu rth e r  in ve st ig a t io n s  concerning determ inations 
o f energy re la t io n s  o f  w ild  b ird s as ind icated  by HR.
Adult Energy Balance
The energy balance stu d ie s were conducted with P a c if ic  Brant at 
summer T^ and photoperiod  cond it ion s s im i la r  to those encountered on 
the breeding grounds o f  the Yukon-Kuskokwim Delta.
Males used in  the te sts  were heav ie r than females (Table 1),
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however the mean weight o f  b ird s  used (1319 g) was somewhat le s s  than 
that o f  b ird s  not tested (1488 g). The weight d iffe rences re su lted  
from a p rog re ss ive  weight lo s s  over the s e r ie s ,  which occurred p r im a rily  
between t r ia l s  in  the e a r ly  p a rt o f  the study. Cain (1973) has reported 
that caged B la ck -b e llie d  Tree Ducks (Dendrocygnus autumnal i s ) used in  h is  
stu d ie s had lower mean weights than those o f  t h e ir  f r e e - l iv in g  counte rparts.
In energy balance work with b ird s ,  an increase  in  body weight a ssoc ia ted  
with a decrease in  T^ i s  sometimes found, and among waterfowl has been 
reported fo r  Canada Geese (W illiam s, 1965), Blue-winged Teal (Owen, 1970), 
and tree ducks (Cain, 1973).
Gross energy intake  (GEI) and excretory energy (EE) have been reported 
to increase  with d ec lin in g  T^ fo r  the 3 waterfowl refe rred  to above; the 
re la t io n  o f  GEI with T^ has been found to be lin e a r  in  Canada Geese 
(W illiam s, 1965), B lue-winged Teal (Owen, 1970), and tree ducks (Cain, 1973), 
and the re la t io n  o f  EE with Tft i s  a lso  l in e a r  except fo r the Blue-winged 
Teal where i t  i s  c u rv i l in e a r  due to a le v e l l in g  o f f  o f  values at lower 
temperatures. Regression l in e s  d e sc r ib ing  the re la t io n sh ip  o f  GEI w ith 
Ta  may have d iffe re n t  s lopes and e le va t io n s fo r  d iffe re n t  photoperiods 
with the longest l i g h t  period  u su a lly  producing the most e levated curve, 
which re su lt s  from a greater a c t iv i t y  and longe r maintenance o f  h igh body 
temperature (Kendeigh, 1969). The leve l o f  metabolism fo r  B la ck -b e llie d  
Tree Ducks was h ighe r on a 15 than on a 11 hour photoperiod (Cain, 1973).
No opportun ity was a va ila b le  to  in ve st ig a te  the re la t ion sh ip  o f  MR with 
vary ing photoperiod in  th is  study.
Cain (1973) found no c o rre la t io n  between the c a lo r ic  value of
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feces and in  tree ducks, however, Owen (1970) found h ighe r values 
at interm ediate and lower values at high and low fo r  Blue-winged
Teal. W illiam s (1965) found a decreasing c a lo r ic  value o f  feces with 
decreasing T^. Over the range o f  experienced by the P a c if ic  Brant 
in  th is  study , no change in  c a lo r ic  value o f  feces was observed.
Existence  metabolism (EMR) i s  most commonly accepted to express 
the rate o f  u t i l i z a t io n  o f  energy by c lo se ly  confined animals which 
are m ain ta in ing a r e la t iv e ly  constant body weight over a number o f 
days; EMR incorpora tes SMR, s p e c if ic  dynamic e f fe c t  (SDE), and the cage 
locomotor energy requirement (Kendeigh, 1974). In  con tra st to SMR, 
the EMR vs re la t io n sh ip  i s  e s se n t ia l ly  l in e a r  throughout and no
thermoneutral zone has been demonstrated, a lthough fo r  some species a 
fla t te n in g  o f  the curve may occur at h igh e r (K ing and Farner, 1961). 
The range o f  T^ to which the caged-out-of-doors P a c if ic  Brant were 
exposed was re la t iv e ly  abbreviated and d id  not extend below th e ir  
e stab lish e d  summer T^ o f  4.3°C (see p revious se c t io n ) .  A minimum T^ 
o f 10.8°C encountered during  the t r ia l s  precluded any p o s s ib i l i t y  o f  
comparisons below that value. Existence  m etabolic rates ( i . e . ,  a lso  
ME) found fo r  caged b ird s  from May through Ju ly  (range, 161 to 364 
kca l/b ird *day ) d id  not vary s ig n if i c a n t ly  and the mean value was found 
to be h igher than those pred icted fo r  non -passerine  b ird s by Kendeigh 
(1970) and by Do ln ik (1974). by 83 and 25 percent re sp ec tive ly  (Table
6). Values o f  EMR taken from the stud ie s on Blue-winged Teal (Owen, 
1970), Canada Geese (W illiam s, 1965), and B la ck -b e llie d  Tree Ducks (Cain, 
1973) are a lso  con side rab ly  above those p red icted. Kendeigh (1974) has
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estim ated tha t the increase  o f  EMR over SMR should  approximate 25 
percent and t h is  increase  has presumably been included in h is  formula 
fo r  p red ic t in g  EMR on the b a s is  o f  body weight.
Mean reported by M ikke lson  (1973) fo r  the same period  (M ay-Ju ly) 
on the Yukon-Kuskokwim Delta ranged somewhat lower (2.2 to 10.8°C) than 
those o f  th is  study. Existence  m etabolic rates fo r  breeding ground b ird s  
would be h ighe r than those found fo r  captive  b rant, however not enough 
inform ation  i s  a v a ila b le  to sta te  what i t  m ight be.
The energy cost o f  free ex istence  i s  a function  o f  increased 
locomotor a c t iv i t y  and must be added to EMR in  order to obta in  an 
estim ate o f tota l metabolism fo r  f r e e - l iv in g  b ird s.  Th is cost has 
been estimated by Uramoto (1961) to be from 30 to 50 percent g reater 
than EMR fo r  fo re st  b ird s.  Owen (1970) found that free , but not f ly in g ,  
teal had a requirement 13 percent above EMR, and on the b as is  o f  Owen's 
re su lt s  Cain (1973) estimated the cost o f free ex istence , in c lu d in g  f l i g h t ,  
o f tree ducks to be a minimum o f  25 percent. With an added 25 o r  50 to 
cover the energy cost o f  free ex istence  over and above EMR, the range 
o f  va lues fo r  male and female P a c if ic  Brant in  summer would be from 
306 to 367 kca ls/b ird *d ay.
E f fic ie n c y  o f  u t i l iz a t io n  (EOU) va lues fo r  male and female brant 
in  th is  study were both approxim ately 60 percent, which i s  con siderab ly  
lower than that given by W illiam s (1965) fo r  Canada Geese (70 -80). Owen 
(1970) fo r  teal (75 -80), and Cain (1973) fo r  tree ducks (80-87). Type 
o f d ie t  or a v a i la b i l i t y  o f  d ie ta ry  con stituen ts i s  an important con side ration  
in f lu e n c in g  EOU, however the commercial feed formulae fed to the Canada
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Geese and teal was s im i la r  to that given to the b ird s  in  t h is  study and 
therefore  the value  o f EOU fo r  P a c if ic  Brant seems in o rd in a te ly  low.
On the o ther hand, a low commercial feed EOU fo r  P a c if ic  Brant may 
re f le c t  an improper balance o r n u tr ie n t  com position contained in  that 
d ie t compared w ith what the brant use n a tu ra lly .  I t  might be hypothesized 
that as the b rant developed a use pattern fo r  a marine n u tr ie n t  resource, 
perhaps eel g ra ss e x c lu s iv e ly ,  they evolved a n u t r it io n a l dependence fo r  
i t  as w e ll.  Im p lic it  in  t h is  th in k in g  i s  that some m o d ification  in  
stru ctu re  o r  function  o f  d ig e st iv e  machinery, o r  absolute  o r re la t iv e  
n u tr ie n t  requirem ents, e tc .,  has occurred. E inarson  (1965) expressed 
amazement at the v o rac ity  o f  brant feed ing on U1va s p . ,  however t h is  
marine a lga  i s  not considered to be a p refe rred  food source fo r  brant 
and i t  may be tha t th is  behavio r represents an increased  intake  due to 
poor e f f ic ie n c y  o f  u t i l i z a t io n .
The e ffe c t  shown on GEI and EE by longer photoperiod is  a lso  
demonstrated fo r  ex istence  metabolism. I t  has been shown, with 
exceptions, tha t e x istence  metabolism at longe r photoperiods i s  g reater 
than at sh o rte r  photoperiods fo r  the same (Kendeigh, 1974). Longer 
photoperiods would n a tu ra lly  encourage extended a c t iv i t y  and, consequently, 
increased energy expenditure and intake. Waterfow l, however, appear not 
to be as l i g h t  r e s t r ic te d  in  t h e ir  feed ing as most b ird s  which are normally 
considered to be d iu rna l in  hab it (pe rs. o b s . ).  W illiam s (1965) reported 
some le ve l o f  nocturnal a c t iv i t y  fo r  captive Canada Geese throughout the 
year in  I l l i n o i s .  In th is  study, with a 24 hour period  o f  moderately 
f lu c tu a t in g  l i g h t  in t e n s it y ,  brant had the oppo rtun ity  to sta y  active
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and feed continuously. B r ie f ly ,  the longer photoperiod p rovides fo r  
increased time fo r  a c t iv i t y  and therefore  maintenance o f high Tg ( longer 
periods o f  h igher MR) which i s  balanced by increased intake. A 
con tin u o u s- ligh t  day with p rotracted  period  fo r  a c t iv i t y ,  shown by 
the records, and food consumption e xp la in s the la rge  discrepancy between 
observed and p red icted rates fo r  P a c if ic  B rant, i .e .  Kende igh 's (1970) 
formula fo r  p red ic t in g  EMR must be modified to compensate fo r  lo ca l 
va r ia t io n  in  day-length. A 4° change o f  la t itu d e  between Fairbanks and 
the Yukon-Kuskokwim Delta b reeding area would not invo lve  marked 
d iffe rence s in photoperiod, although the l i g h t  in te n s it y  pattern would 
vary between the two s i t e s .
Gross a c t iv i t y  recorded in t h is  study accurate ly re f le c ts  that which 
occurs on the breeding grounds (C. Dau, pers. comm.) in  summer, and personal 
observa tion  bears out the records tha t the b ird s  were not synchronous in  
t h e ir  periods o f  re s t  and a c t iv i t y  (F ig s .  13, 14 and 15). A continuous 
pattern  o f  a c t iv i t y  under the constant l i g h t  o f  su b a rc tic  summer such 
as was found in  th is  study was reported fo r  W illow Ptarmigan by West 
(1968). In  contrast to t h i s ,  a c t iv i t y  o f  passe rine  b ird s under long 
l i g h t  cond it ions are not uniform  among the va rious species in  tha t 
some e x h ib it  a d iscontinuous pattern (E y ste r, 1954; Karp lu s, 1952;
M a rsh a ll,  1938; A schoff et al_., 1971) and others e x h ib it  a continuous 
pattern  (Palmgren, 1935; E yste r, 1954) fo r  the same period  and in te n s it y  
of l ig h t .
B ird  2a in  t h is  study maintained weight over the f i r s t  2 t r i a l s ,  
then declined food fo r  the fo llow in g  three and in  the la s t  week the
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b ird  demonstrated an intense  and almost continuous a c t iv it y  pattern 
and was replaced. The intense  a c t iv it y  e xh ib ited  by th is  in d iv id u a l,  
as a re su lt  o f  the s t r e s s  i t  was apparently under, appears not to have 
markedly a ffected  the randomness o f  a c t iv i t y  o f  the two b ird s  in  the 
cages on e ith e r  s id e .
A c t iv it y  records fo r  Canada Geese (W illiam s, 1965) and tea l (Owen, 
1970) m aintained in  centra l I l l i n o i s  (42°N L a t .)  show a b im odality during 
the mid-summer season, which became p ro g re ss iv e ly  le s s  pronounced as the 
f l i g h t  feather molt was in i t ia t e d  during the la s t  o f  the summer and was 
then completely masked by n ig h t ly  unrest during the p rem igratory period. 
P a c if ic  Brant in  th is  study d id  not undergo a f l i g h t  feather molt u n t il 
well a fte r  the t r ia l s  were term inated and, as sta ted  p re v io u s ly ,  only 
a low le ve l contour feather replacement was in  p rogre ss during the t r ia l s .  
Summer Feed Study
Due to the d i f f i c u l t ie s  invo lved  in  d u p lic a t in g  the d iv e r s it y  
and frequency o f  food items used by fe ra l anim als, e sp e c ia lly  b ird s ,  
few n u t r it io n a l stu d ie s are ca rried  out u sing  natura l d ie ts . Where 
food items are known w ith any p re c is io n ,  there remains the n ece ssity  
o f p rocurring  them in  s u f f ic ie n t  q uan tity  fo r  t e s t in g .  The feeding 
h ab its and n u t r it io n a l requirements o f  brant have been and s t i l l  are 
gene ra lly  c o n tro ve rs ia l (Jones, unpubl.), however, when not on the 
breeding grounds in  midsummer, the d ie t  o f  the P a c if ic  race i s  
reported to c o n s is t  almost so le ly  o f  e e lg ra ss (E ina rson , 1965) and 
l i t t l e  d i f f i c u l t y  i s  encountered in  c o l le c t in g  s u f f ic ie n t  q u a n tit ie s  
fo r  feed ing purposes. Th is combination o f  fa c to rs ,  together with an
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accessable supply o f  P a c if ic  Brant g o s l in g s ,  allowed an opportun ity 
fo r  q u a n t if ic a t io n  o f  some aspects o f  the e e lg ra ss-b ra n t  n u t r it io n a l 
re la t io n sh ip .  The f e a s ib i l i t y  o f  e s ta b lish in g  a waterfowl marketing 
ind u stry  based on feeding e e lg ra ss  o r  ee lg ra ss supplement was a lso  o f  
in te re st .  The recent success o f  Bauersfe ld  e£ a K  (1969) in  in c re a s in g  
feed e f fic ie n c y  (FE) and rates o f  ga in  o f  domestic sheep on d ie ts 
supplemented w ith tu r t le g ra s s  (T h a la ss ia  testudinum) suggested that 
s im i la r  e ffe c ts could be produced with waterfowl on e e lg ra ss o r  e e lg ra ss 
supplemented d ie ts .
A survey o f  chemical con st itu en ts and c a lo r ic  content o f  ee lg ra ss 
from Izembek Lagoon, one sample o f  which represented m ateria l used in 
compounding d ie ts ,  proved he lp fu l in  in te rp re t in g  feed study re su lt s .
Due to the a v a i la b i l i t y  o f  fewer b ird s than requ ired, plans to 
te st  4 d ie ts sim u ltaneously  u sing  two groups o f  5 b ird s  each were 
modified to the extent that 3 d ie ts were tested at one time. As 
go s l in g s  became incapac ita ted  and/or d ied, the reduced numbers 
necessita ted  m ain ta in ing fewer b ird s  in  each group, consequently 
most groups tested , exclud ing those on commercial feed (c o n tro ls ) ,  
c on sisted  o f  on ly  3 in d iv id u a ls ;  fewer problems developed w ith in  the 
control group and 10 b ird s  were maintained throughout the study. I t  
i s  not known what e ffe c t  the d if fe re n t  numbers had on the feed ing 
behavior and e f f ic ie n c y  o f  the groups, a ll o f  which huddled a t the 
range o f  TA 's  recorded (7.3  to 29.0°C). At Tft's  below the Tc , huddling 
provides a s ig n if ic a n t  sa v ing  fo r  each b ird  but at h igher TA 's  no such 
ben efit  accrues (K le ib e r and W inchester, 1933; Case, 1973). Case (1973)
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a lso  reported that energy costs were g reate r fo r  Bobwhite (Colinus 
v ir q in ia n u s ) in  a covey than fo r  ind iv id u a l b ird s when T ^ 's  exceeded 
5°C. The h igh e r range o f  TA 's  to which the b ird s  in  t h is  study were 
exposed su ggests tha t  energy expenditures would have been greater fo r  
control b ird s  than fo r  b ird s on other d ie ts and th e ir  e f f ic ie n c y  the refo re  
lowered. E f f ic ie n c y  d iffe rence s re su lt in g  from unequal te s t  group s iz e  
were not measureable in t h is  study. In  a d d it ion ,  d iffe rence s in  rate 
and/or to ta l consumption o f  food could have re su lted  from an a lle lom im etic  
e ffe c t  (Penney and B a ile y ,  1970).
The e f fe c t  o f  a lte rn a t in g  d ie ts in  the te s t  groups i s  unknown but 
presumably some impact would be made upon n u tr ie n t  a ss im ila t io n  in  the 
g o s lin g  b rant. He ight recovery data fo r  the g o s l in g s  ind ica te s tha t i f  
a changed d ie t  re su lted  in  d im inu tun  o f  d ig e st iv e  c a p a b ility  i t  was o f 
b r ie f  occurrence. Groups on the 50 percent te s t  d ie t,  although le s s  
than th e ir  normal weight leve l a t 19 days regained normal body weight 
at day 28 and achieved an o ve ra ll increase  in  body weight that was 
equal to the contro l group in  the p revious t r ia l  period  (F ig . 16).
In a dd it ion , F igu re  16 shows that at a la te r  date te s t  groups having 
mean weights well below that o f  the contro l group, placed on commercial 
feed (ca. 33-35 d ay s), had e s se n t ia l ly  regained the weight leve l o f  the 
control group when te sts  were recommenced on ca. day 42. Test groups, 
at the end o f  the study period , were ge ne ra lly  emaciated and d isheveled  
in appearance (F ig .  17), and were sm a lle r in  s iz e  and weight than contro l 
b ird s (F ig . 19). The poor appearance o f  te s t  b ird s  re su lted  in  part 
from bath ing in  water pans con ta in ing  eel g ra ss p e l le ts  which they c a rr ie d
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during feeding a c t iv it ie s .  After the t r ia ls  had been terminated, and a ll 
the birds were fed commerical feed for 2 weeks, no apparent differences 
in plumage, size  or body weights could be detected between the various 
groups.
Cannibalization occurred with greatest frequency in the pens where 
test d iets were being fed. In retrospect, the problem is  thought not 
to have been d irectly related to nutritional deficiencies of the 3 test 
d iets jper s^, but rather to the decreased food intake and subsequent 
lowered resistance o f the birds which created a situa tion  favorable for 
injury. The goslings were e spec ia lly vulnerable when blood q u i lls  were 
reaching fu ll development and "wing drooping" was excessive due to the ir 
weakened state. Birds with ruptured blood q u ills  were quickly set upon 
by the others and at least one bird displayed a propensity fo r habitual 
cannibalism.
A marked difference in  ca loric  values of the various diets was 
found; commercial feed contained approximately 1 kcal per g more energy 
than 100 percent eelgrass. In terms of weight gain and e ffic iency, i t  
is  readily apparent that the birds were unsuccessful on 75 percent and 
100 percent eelgrass (Table 4 and 16); th is i s  probably a consequence 
of inadequate energy intake. H ill and Dansky (1954) found that chickens 
regulated the ir energy intake by increasing food intake when dietary 
energy was lowered. In contrast, th is study indicates that, although 
the test diets had enough productive energy per kg of dry matter to 
meet minimum standards for sta rting , growing and breeding domestic geese 
(M erritt and Aitken, 1961), the brant goslings did not consume enough
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Figure  19. Brant g o s lin g  from control d ie t  group showing normal 
feather development and appearance.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of the test diets to meet the ir nutrit ive  requirements. Immediately 
after the se rie s was started the period of greatest remige growth for 
the gosling began. Energy requirements for rapid growth processes, 
such as f l ig h t  feather development, became greatly elevated and the
increased needs were apparently not met by dietary intake.
The 50 percent test diet appeared to be deficient during the early 
period of the se rie s but appeared to have been of increasing value during 
later growth, suggesting that the energy intake was inadequate for growth 
and only marginally adequate for maintenance. Remige growth in adult 
moulters proceeds at the expense of other body t issues, especia lly muscle 
(Hanson, 1962). Findings o f th is study suggest that the former is  true 
also for goslings and probably resulted in  the early drop in body weight 
when dietary intake was inadequate on test d iets.
Over the t r ia l series no changes were observed in the caloric
value of the excrement for each d iet, ind icating that no change 
occurred in basic ME values as well and the increased energy demands 
could only have been met by increasing food intake. Mean caloric  
values of excrement were only s l ig h t ly  less than the mean caloric  
values of 3 of the 4 diets. The mean caloric  value of the feces of 
the 100 percent eelgrass test group was s l ig h t ly  greater than the 
caloric  value of the diet (see Results). It  is  interesting to note 
that, although both groups consumed the same basic feed formulation 
having the same ca loric  value per gram o f dry matter (4.811 kcals/g), 
birds in the adult energy balance t r ia ls  were 5 times as e ffic ie n t  in 
removing energy (3.884 vs 4.605 kcals/g of excrement) as control birds
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in t h is  study. Th is d iffe ren ce  in  d ig e st ive  e f f ic ie n c y  may re su lt  
from a decreased d ig e st iv e  func tion  in  g o s lin g s  as compared to adu lts 
(Penney and B a ile y ,  1970; Holm and Scott, 1954) o r  the residence  time o f 
inge sta  i s  sh o rte r  in  the gut o f  g o s l in g s  than in  adu lts and otherw ise 
a va ila b le  n u tr ie n ts pass through the gut unabsorbed.
Feed e f f ic ie n c y  and EOU va lues fo r  b ird s  fed 75 and 100 percent 
e e lg ra ss d ie ts are ge ne ra lly  too low and few in  number (Table 4) to 
m erit lengthy comment. Brant g o s l in g s  could not ga in  w eight on the 
la t te r  d ie ts  and on ly  the 75 percent d ie t  data showed a p o s it iv e  EOU, 
which was extremely low compared to the 50 percent d ie t,  c o n tro ls ,  and 
a lso  adu lts in  the energy balance study. The negative  but in c re a s in g  
EOU values fo r  the group on 100 percent e e lg ra ss (Table 4) suggests 
an improved a b i l i t y  by g o s l in g s  to use i t  as a source o f  n u t r it io n ,  as 
one might expect fo r  w ild  b rant. In  t h is  study, as the percentage o f 
ee lg ra ss in  the te st  d ie t  decreased, the FE increased.
Feed e f f ic ie n c y  o f  the contro l group decreased over the se r ie s  
and the 50 percent te s t  d ie t  group increased  i f  day 3 data i s  d isrega rded ; 
EOU1s fo r  these two d ie ts  were constant o r  decreased s l i g h t ly .  The EOU 
and FE trend shown fo r  the contro l group ind ica te s tha t, on a n u t r it io n a l ly  
adequate d ie t,  the g o s l in g s  become p ro g re ss iv e ly  le s s  e f f i c ie n t  as the 
energy demands fo r  growth decrease and those fo r  maintenance inc rea se ; 
a s im i la r  observation  was made e a r l ie r  by Brody (1945). A s l i g h t  decrease 
in  EOU i s  a lso  shown fo r  the 50 percent e e lg ra ss d ie t  group, however the 
e f f ic ie n c y  fo r  tha t group i s  on ly  h a l f  that o f  the con tro ls  and re f le c t s  
a lower metabolic performance. I t  i s  apparent that the 50 percent te st
87
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
group was unable to fu lly  u t iliz e  dietary energy and i t  is  not c lear why 
a decrease in e fficiency over time, comparable to the control group should 
be found. Mean FE rates of control and 50 percent d ie ts, although not 
s ig n if ic a n t ly  d ifferent s t a t is t ic a lly  across the se rie s, appears to be 
s ig n if ic a n t ly  d ifferent at the sta rt  o f the se rie s.
The generally poor resu lts obtained from feeding test diets are 
attributed to low pa la tab ility ; thus, the data in Table 4 show that 
food intake decreased as the percent of eelgrass in the diet increased. 
Reasons for low acceptab ility, or low p a la tab ility , are not known, however 
i t  is  suggested that a high sa lt  content (eelgrass was not washed p r io r  
to diet formulation) and unpleasant taste (personal appraisal) were 
possib le  reasons for rejection. As regards sa lt  content, sa lt  so lutions 
approximating sea water sa l in it y  were la rge ly  unused by feeding adult 
birds even when fresh water was more remotely available, and birds lo s t  
body weight when sa lt  water (ca. 3.5 percent by. wt.) was the only source 
of water.
Test d iets were accepted better at the beginning of t r ia ls  but 
consumption soon declined markedly. Fresh water consumption and carrying 
of test d iet pellets to water by the goslings when feeding increased 
according to the percentage of eelgrass in the diet. Possib ly NaCl 
loading may have been detrimental to the young b ird s, e ither through 
digestive dysfunction or through a.n in a b i lit y  to eliminate sa lt  due to 
inadequate s a lt  gland development. Wild brant foraging on natural beds 
of eelgrass probably do not ingest sa lt  in great quantity because the 
stra in ing  action of the b il l  during prehension eliminates sa lt  water
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o r in  great concentrations because o f  d ilu t io n  which l i k e ly  occurs as 
a r e su lt  o f  the release  in  the gut o f  c e l lu la r  and e x t ra c e llu la r  f lu id s  
o f  ruptured p lant t is su e .
A le s s  than adequate intake  o f  p rotein  probably e xp la in s why te st  
d ie ts fa ile d  to maintain the P a c if ic  Brant g o s lin g s  and the le ve l o f 
p rote in  in  the ee lg ra ss used in  the d ie ts (sample 6 -2 -B , Table 5) was 
determined to be approximately 12 percent, lower than the minimum 
requirement fo r  growing domestic ducklings (17 percent, Nat. Rsch.
C ouncil, 1971), fo r  w ild  duck lin gs (19 percent, Holm and S co tt, 1954) 
and fo r  growing domestic g o s l in g s  (20-22 percent, O rr, 1970).
The overa ll poor growth and development o f  the brant g o s lin g s  when 
consuming te st  d ie ts ,  as well as the re su lt s  o f  the p rote in  values obtained 
in  the se r ie s  (Table 5) are, in  add it ion  to being well below g o s lin g  
requirements mentioned p re v io u s ly ,  below the 15 percent p rote in  requirement 
o f domestic breeders (ad u lt  geese) (M e rr it t  and A ilke n ,  1961; O rr, 1970) 
and suggests tha t other fo od stu ffs  o f  h igher p rote in  content are probably 
consumed by adu lt and young brant. P rote in  values given  by M ikke lson  
(1973) fo r  sedges and g ra sse s reported ly used by g o s l in g s  on the breeding 
ground are a lso  below the minimum requirements given (see above);
M ikke lson  has a lso  reported tha t young C ackling Geese, a congener o f  
the P a c if ic  B rant, used inve rtebra te s h ea v ily  as food during  e a rly  
growth and. developments A considerab le  e p if lo ra  and epifauna i s  found 
on e e lg ra ss leaves at va rio u s times o f  the year, however the importance 
o f  tha t p rotein  con tr ib u t io n  to brant n u t r it io n  i s  not known.
A n u tr ie n t  composition and c a lo r ic  content se r ie s  fo r  ee lg ra ss
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c o lle c t io n s  made over a su b stan t ia l period  o f  time has not been 
reported p re v io u s ly ,  however proximate a n a ly s is  o f  s in g le  c o lle c t io n s  
have been reported by some workers. P rote in  values fo r  e e lg ra ss from 
Izembek Lagoon reported by E inarson  (1965) are ca. 5 percent lower and 
those found by McRoy (unpubl.) are 1 to 6 percent h igher than those 
found in  t h is  study. Burkholder and Doheney (1968) report a value o f  
ca. 10.5 percent and Udell e t al_. (1970) g ive  a value o f  14.6 percent 
fo r  the p rote in  content o f  e e lg ra ss leaves co lle cted  in  waters adjacent 
to Long Is la n d ,  New York. The h igh e st  p rote in  value fo r  e e lg ra ss (19 
percent) has been reported by Candussio (1960) fo r  European samples.
From these other stu d ie s i t  cannot be determined i f  the p rote in  content 
o f  e e lg ra ss  f lu c tuate s se a so n a lly ,  the re su lt s  o f  th is  in ve st ig a t io n  
ind ica te  that i t  does not flu c tu ate  markedly. The range o f  c a lo r ic  
values g iven  fo r  ee lg ra ss leaves from Izembek Lagoon by McRoy (1970) 
are s im i la r  to those given fo r  the c o lle c t io n  se r ie s  in  th is  study 
(Table 5).
Among the va rious n u tr ie n ts in  p lants so lub le  carbohydrates, 
con ta in ing  sta rches and other su ga rs,  provides the major source o f  
energy fo r  b ird s  (F ish e r,  1972). The former i s  probably true fo r 
e e lg ra ss a lso  and throughout the c o lle c t io n  se r ie s  t h is  fra c t io n  
con stitu ted  a su b stan t ia l percentage o f  the to ta l n u tr ie n ts which 
did not flu c tu ate  markedly but was h igh e st  during the mid-summer period .
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SUMMARY AND CONCLUSIONS
Growth and development o f  captive  P a c if ic  Brant in  t h is  study 
was extremely rap id  in  comparison with that o f  other waterfowl and 
is  l i k e ly  to have been accelerated above that o f  w ild  b ird s  on the 
Yukon-Kuskokwim Delta and other breeding areas. The te le scop ing  o f 
the development period  was thought to be re sp on sib le  in  p a rt  fo r  an 
observed i n i t i a l  decrease ir, rate  o f weight ga in  which has a lso  been 
recorded fo r  other waterfow l. A second decrease in  rate o f  ga in which 
re su lted  in  a p lateau, occurred 5 to 10 days e a r l ie r  than has been 
reported fo r  w ild  b ran t, ind ica te d  a sh o rte r  development and potentia l 
e a r l ie r  f l i g h t  age than fo r  w ild  g o s lin g s .
Perhaps the most in te re st in g  r e su lt  o f  th is  aspect o f  the study 
concerned the growth rate s o f  t a r s i  o f brant which reached maximum 
lengths in  a r e la t iv e ly  abbreviated period. A rap id ly  developing tarsus 
in d iv in g  ducks has been considered as an adaptation fo r  fa s t  running 
water, however a strong  p o s it iv e  c o rre la t ion  a lso  e x is t s  between rate 
o f development and in c re a s in g  t e r re s t r ia l  hab it. The b rant, almost 
immediately a fte r  hatch ing, i s  assoc ia ted  with t id a l waters and, as 
other geese, i s  a g ra ze r as w e ll.  Thus i t  would appear tha t the brant 
may have benefited  from two se le c t iv e  processes a ct in g  in  concert, the 
re su lt  being that the ta rsu s reaches f u l l  development at an unusua lly 
e a r ly  age.
The ye a r ly  weight curve recorded fo r  brant in  th is  study was thought 
to be f a i r l y  rep resentative  o f  that o f  w ild  popu lations to the extent
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that i t  appronmated general seasonal trends in  weight change, although 
the le v e ls  o f  w in te r and summer were thought to be reversed with lowest 
w eights recorded in  A p r il .  At that time molt o f f l i g h t  feathers which 
norm ally occurs in  August was a lso  recorded. Geese norm ally reach lowest 
annual weight le ve ls  during the f l i g h t  feather molt. A reve rsa l o f  the 
summer-winter weight le ve ls  in  captive  b ird s  i s  a lso  ind icated  by a 
p aucity  o f  seasonal data on weights g iven  by other workers fo r  w ild  
brant.
In  o rde r to determine the a p p l ic a b i l it y  o f  data gathered in  th is  
p a rt  o f  the study to the w ild  pop u la tion , growth and development inform ation  
should  be gathered from w ild  young on the breeding grounds. In  a d d it ion ,  
in  o rde r to obtain  an accurate p ic tu re  o f  annual weight cycles o f  w ild  
b ir d s ,  w e ight data from tra n s ie n t  b rant must be gathered more sy ste m a t ic a lly  
and more e x te n s ive ly  than in  the past. I t  i s  o f  course p o ss ib le  that more 
info rm ation  fo r  a y e a r ly  weight curve could be extracted from e x is t in g  
unanalyzed and unprocessed data held by waterfowl management agencies.
Unexpected seasonal d iffe rence s in  gaseous metabolism between summer 
and w in te r b ird s  were found in  th is  study. I t  i s  postulated  tha t a 
circannual rhythm o f molt was instrum ental in  brant developing l i g h t e r  
plumage in  w in te r than in  summer because the w ild  population  i s  norm ally 
subjected to warmer w in te r than summer temperatures. Therefore, one 
would expect a h igher MR at the same ambient temperature in  w in te r due 
to an increased  thermal conductance (decreased in su la t io n )  than in  summer 
when in su la t io n  was increased. Another explanation  which could be 
advanced i s  tha t the w in te r b ird s were s t i l l  ju ve n ile s when f i r s t  tested ,
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in  c o n t r a s t  to  a d e f in i t e  a d u lt  o r  su b a d u lt  s t a t u s  when t e s te d  two 
y e a r s  l a t e r .  C o n d u c t in g  a d d it io n a l  ga seou s m e ta b o lism  t r i a l s  w ith  
a d u lt  b ir d s  in  w in t e r  and f u r t h e r  i n v e s t i g a t io n  in t o  p o s s ib le  o ccu rren ce  
o f  c irc a n n u a l rhythm s o f  in s u la t i o n  are  su g g e ste d  to  h e lp  r e s o lv e  t h i s
H e art  ra te  in fo rm a t io n  o b ta in e d  f o r  w in t e r  b ir d s  sh o u ld  have  
a p p l ic a t io n  in  p r e d ic t in g  m e ta b o lism  in  the f i e l d .  H e a r t  r a t e -m e ta b o lic  
r a te  in v e s t i g a t io n s  sh o u ld  be extended to  in c lu d e  summer b ir d s  in  o rd e r  
to  determ ine  se a s o n a l d i f fe r e n c e s  and c o u ld  be expanded th ro u gh  use o f  
te lem ete red  b ir d s  f o r  the  pu rp ose  o f  o b t a in in g  a more a cc u ra te  d e f in i t i o n  
o f  the r e l a t io n s h ip  between SMR and EMR b ased  on ga se o u s m e ta b o lism .
The a d u lt  ene rgy  b a lan c e  stu d y  p ro v id e d  in fo rm a t io n  on e x is te n c e  
energy  o n ly  in  the th e rm o n e u tra l zone. A w id e r  range  o f  tem p era tu re s  
sh o u ld  have been in v e s t ig a t e d .  As s t a t e d  e a r l i e r  in  the  d i s c u s s io n ,  
the tem p era tu re s to  w hich  the b ir d s  are  exp osed  on the  Yukon-Kuskokw im  
D e lta  d u r in g  the m id-sum m er a re  somewhat be low  the T .^ o f  the  b ra n t  as 
determ ined  in  t h i s  s t u d y ,  co n se q u e n t ly  the in fo rm a t io n  o b ta in e d  does 
n o t re ve a l e x is t e n c e  en e rgy  v a lu e s  a t  low er te m p e ra tu re s. A s e r ie s  o f  
t e s t s  a t  d i f f e r e n t  a c c l im a t io n  te m p era tu re s sh o u ld  be conducted  in  a d d it io n  
to  th o se  cond ucted  o u t s id e  under n a tu ra l p h o to p e r io d  and T^.
I f  the  ME and EOU v a lu e s  o b ta in e d  in  the a d u l t  en e rgy  b a la n c e  t r i a l s  
were the same f o r  e e l g r a s s  and com m erical fe e d , t h i s  w ou ld  a llo w  an 
a sse ssm e n t o f  the  im p a c t  o f  b ra n t  upon a v a i l a b le  fo o d  re so u rc e s  in  t h e i r  
n a tu ra l env iro nm ent. Ene rgy  b a la n c e  t r i a l s  sh o u ld  be cond ucted  w ith  a d u lt  
b ra n t  on d ie t s  o f  e e l g r a s s  in  o rd e r  to  determ ine  i f  an in c re a se  in  d ig e s t iv e
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e ff ic ie n c y  over commercial feed would occur.
The poor re su lt s  obtained in  the g o s l in g  feed study are not re a d ily  
exp la ined , but do stim ulate  a great deal o f  specu la tion. I t  has been 
sta ted  e a r l ie r  that the major d i f f i c u l t y  encountered in  the g o s lin g  
feed stu^y was the unaccep tab ility  o f  the pe lle ted  d ie t. U nacceptab ility  
was a ttr ib u te d  to u n p a la ta b ilit y ,  and i t  was suggested that th is  may have 
been due to an unpleasant taste  o r  a high s a l t  content; adu lt brant in 
c a p t iv it y  were noticed to avoid u sing  s a l t  water even when i t  was the 
only source o f d rin k ing  water. Water used by the young brant on the 
breeding ground i s  b rackish  and thus they consume some leve l o f s a l t  
from hatch ing, which would allow  them to develop a s a l t  m etaboliz ing 
c a p a b ility  as well as a s a l t  water use h ab it. I t  i s  suggested that 
the young brant in  th is  study had n e ithe r the hab it nor the c a p a b ility  
o f  m etaboliz ing the high s a l t  concentrations o f the d ie t. Th is la t te r  
may have been aggravated by the continued sw itch ing  from te s t  to control 
d ie ts and back again. In order to  f in d  out i f  having a previous experience 
w ith a lo w -sa lt  d ie t a ffe c ts a c c e p ta b il it y ,  a ll d ie ts from the b ra n t 's  
e a r l ie s t  experience should be form ulated with a r e la t iv e ly  h igh s a l t  
content. In  order to determine i f  u n p a la ta b ilit y  was the major fa c to r  
in  re fu sa l o f te s t  p e lle ts  an add it ive  could be used to improve the taste  
o f  a l l  somewhat equa lly . In  a dd it ion , an attempt should  be made to 
in ve st ig a te  development o f the s a l t  gland in  g o s lin g  brant to determine 
the ra p id it y  w ith which i t  develops fu l l  excretory c a p ab ility .
However, other d if f i c u lt ie s  in  the b ra n ts ' use o f  the e e lg ra ss d ie ts 
were a lso  apparent from FE and EOU va lues. Again s a l t  concentrations o f
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the d ie ts may have been too great, fo r  the reasons sta ted  e a r lie r .
I t  has been found w ith some young b ird s tha t not having access to 
adu lt excreta prevents a normal m icro flo ra  from develop ing in  the 
gut, thus removal o f  the young brant from nests may have precluded 
the p o s s ib i l i t y  o f  a m ic ro flo ra  developing which would la te r  allow  
e f f ic ie n t  use o f an e e lg ra ss d ie t. I f  excreta i s  indeed the avenue 
of tra n sfe r  o f  the necessary organ ism s, in v e st ig a t io n s  should be 
conducted through use o f  excreta co lle cted  from the breeding ground 
and employed as an inoculum. A d if fe re n t ,  and more d i f f i c u l t  approach 
would be to compare u t i l i z a t io n  o f  e e lg ra ss between hand reared young 
and young captured from the breeding grounds at the age o f  about 1 
month; the two groups would be assumed to have marked d iffe rence s in  
th e ir  in t e s t in a l m icro flo ra . In th is  study, i f  the ve st ige s o f  a m icro flo ra  
fo r  u t i l i z i n g  e e lg ra ss e x iste d  in  the gut o f  the young brant, sw itch ing  
o f d ie ts p e r io d ic a lly  may have prevented i t s  f u l l  development.
Although c e l lu lo ly t ic  a c t iv i t y  has not been determined to occur in  
the d ige st iv e  system o f  any geese, the b ra n ts ' natura l m icro flo ra  may 
be the exception. I t  i s  recommended that m ic ro b io lo g ic a l and enzymatic 
assay be conducted fo r  the in te s t in a l t ra c t  and the cecae. Lengths o f  
the cecae and small in te s t in e s  should  be compared between w ild  b ird s 
eating  e e lg ra ss and captive  b ird s  u sing  commerical feed.
Another su ggestion  which has been made i s  th a t  there might be a 
"fa c to r "  in  sea water, o r in  the p lan t  in  the natura l sta te ,  which i s  
e sse n tia l fo r  an e f f ic ie n t  use o f  ee lg ra ss and u nava ilab le  to captive 
b ird s.
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Low prote in  values found in  the c o lle c t io n  sample, which i s  
rep re sentative  o f that used in  compounding d ie ts ,  may not be 
representative  o f  the q u a lit y  o f  natura l m aterial used by the brant 
as a se le c t io n  may be tak ing  p lace  which casual c o lle c t io n  by the 
in v e s t ig a to r  does not dup lica te . In ve st ig a t io n s  o f  the m ateria l 
consumed by brant could be re a d ily  undertaken through c o lle c t io n  
and examination o f  fo lded leaves in  d ig e st iv e  tra c ts .
I t  would appear a lso  that during p rocessing  o f  the e e lg ra ss 
m ateria l in  th is  study, n u tr ie n t  le v e ls  were lowered and some 
m icronutrients may have been lo s t  a ltogethe r. A va ilab le  inform ation 
ind ica te s that other workers have found rap id  lo s s  o f  nu tr ie n ts with 
ce rta in  methods o f  preparing sea g ra sse s fo r  a n a ly s is .  Freeze d rying  
would be the suggested preparation  method fo r  e e lg ra ss fo r  a n a ly tica l 
purposes, and o f  course, fo r  feed ing as w e ll.
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